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MINIMUM PHOSPHATE REQUIKEMENT OF POTATO 
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Bureau of Plant Industry, Soils, and Agricultural Engineering, AgriculPu^^^ 
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INTRODUCTION 

The deterniinatioii of the minimum amounts of different nutrients 
required for the optimum growth of various crop plants has been tlie 
subject of considerable research. Much of tliis lias been conducted 
specifically to determine the minimum phosplioriis requirements of 
certain plants. Extensive studies of this type liave been conducted by 
Parker (17),^ Tidmore (^4)? Sommer {B2) on various plants, 
including coim, cotton, tomatoes, and buckwheat, growing in solution 
cultures ; but practically no work of a similar nature lias been attempted 
on potatoes. The present research was undertaken to determine the 
minimum level of phosphate (PO4) required by potato plants as indi- 
cated by their growth responses in solution cultures and to study tlie 
effect of the supply of phosphate on the amount of phosphorus ab- 
sorbed and its distribution within the plant. 

In a critical study of the minimum phosphate requirements of potato 
plants low concentrations necessarily' niiist be employed if the amount 
supplied is to be kept at all representative of soil conditions. This 
fact has been established through the analyses of soil solutions by 
Burd and Martin (5) and Parker and Tidmore who found that 
the PO4 content of the soil solutions from productive soils is of an un- 
usually low order — occasionally as high as 2.5 to 3.0 p. p. m. but more 
frequently less than 0.1 p. p. m. The ability of plants to absorb phos- 
phate from solutions with PO4 concentrations similar to those found 
in the soil solution has been knowm for many years, as pointed out by 
Teakle {BS). Among those cited on this point by Teakle are Birner 
and Lucanus {S) and Beyer (^), who, prior to 1870, obtained normal 
growth of oat plants in well water containing 2 p. p. in. of PO4, and 
Schloesing {19) and Kossowitsch (i-5), who obtained similar resiilts 
about 30 years later. Usually, however, plant growth in solution 
cultures differs somewhat from that in soil ; nevertheless, the mineral 
absorption and growth capable of being obtained in solution cultures 
are generally considered satisfactory as a measure of the nutrient 
responses of plants. 


^ Received for publication June 27, 1946. 

" Italic numbers in parentheses refer to Literature Cited, p. 17. 
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MATERIALS AND METHODS ' " 

Tlie growing of potatoes in the greenhouse, and in soiiitioii cultures 
in particular, presents some problems seldom encountered with other 
types of plants. Skinner {21 ) , Johnston {10 ) , and Newdon {16) grew 
|)otatoes in solution cultures and fully recognized the nature of the 
pro])k‘rns iiiYolved, but they were unable to devise satisfactory equip- 
numt or a suitable technique to overcome these problems fully. Tlie 
i<leal equipment for growing potatoes in nutrient solutions should pro- 
^u‘(!e for the plant and the tubers a means of support that w^ill allow 
them to gi’ow above the solution and yet in no way interfere with its 
nutrient value. Figures 1 and 2 show the type of equipment designed 
to meet these requirements. The plant is supported directl}^ on a 
square of %-inch mesh nylon screen ^ tacked in place over a 5-inch 
opening in the wmoden substage. As used in these experiments, nylon 
proved to be an ideal material for supporting the potato roots and 
tubers, Tlie same nylon screens were used repeatedly in different 
( xperiments, subjected to alternating dry and ivet conditions, and even 
exposed to mold growth without developing signs of deterioration or 
of failure to provide suitable support. 

Other problems encountered when potatoes were grown in solution 
cultures relate to the propagation of the plants. It is essential, of 
course, that the seed potatoes used should be free from diseases and 
also capable of producing vigorous sprouts. The seed potatoes used 
in the present Avork ivere Maine-grown Green Mountain stock free 
from viruses except the X virus present to some extent in nearly all 
seed potatoes. The following procedure was used to groiv the potato 
plants and transfer tliem to the nutrient solutions. Seed pieces of 
uniform size (about 25 gm.) Avere cut and then planted in washed 
building sand in Avhich they Avere alloAved to remain for about 30 days 
or until the sprouts Avere 3 to 31/2 inches long and the roots 6 to 8 inches 
long. T^dienever necessary the rest period Avas broken by treatment 
Avith potassium thiocyanate. When the plants had reached the proper 
size, they AATre carefully removed from the sand and Avashed in a 
stream of tap Avater. One plant Avas placed on each nylon-screen 
support Avith its roots passing through the i/s-inch mesh and its stem 
and small leaves protruding from an opening proAuded in the upper 
lid of the wooden support. When transfer AA^as completed, the support 
and plant Avere immediately placed on the nutrient solution. 
Cotton was then packed around the stem to exclude light from the 
lo,Aver compartment of the support and to prevent the subsequent 
development of vegetatAe tuber stolons. Normally about 5 days 
elapsed before the plants recovered from the effects of transfer to the 
solutions and groAvth was resumed. 

Whether the potato seed piece should be left attached to the young 
plant or should be removed after the reestablishment of groAvth is a 
question that had special significance in the present investigations. 
If the seed piece Avas left attached, the plant naturally could obtain 
from this source a small amount of phosphorus (approximately 25 
mg. in the seed piece before sprouting); when the seed piece *Avas 

® The nylon screen Avas supplied by E. I. clu Pont de Nemours & Co., Wilmington, 
Del. 
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Figxjke 1. — Apparatus designed for growing potatoes in solution cultures: A, 
Plant and seed piece resting on a nylon screen at time of transfer to the solution 
culture; ji5, plant at time of harvest, showing tuber formation and root 
development. 
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removed, however, the growth of the plant was stunted and conse- 
qiientl}^ the yield of the tubers was reduced. Appleman (7) experi- 
mentally demonstrated the beneficial effects exerted by attached seed 
pieces on the growth of potato sprouts, and Johnston {11) reported a 
inarked reduction in height and dry weight of potato plants when 
the seed pieces were removed. Similar results were also obtained b}^ 
the -writer after seed pieces were removed from j)otato plants grown 
in gravel cultures. In vieav of these i-esults and tlie uniform seed 
stock used, the seed ])ieces were left attaclied in the present investiga- 
tions. The exceedingly small amount of phosphorus that could be 
su])plied from this source was considered of little significance in 
comparison with the total amount lequired by tlie plant; tlie eri*or 


thus introduced undoubtedly was greatly outweighed by the benefits 
derived from the favorable growth-promoting elf ects of the attached 
seed pieces. 

The potato seed piece normally contains enough nutrients to pro- 
duce sprouts if kept under propm* conditions for growth, but unless 
the young plant obtains additional nutrients by the time the roots 
have formed its terminal growth will soon be cliecked and the subse- 
quent growth will be poor. The question of nutrient supply becomes 
one of particular importance when the plant is grown iii solution 
cultures, especially when the effects of volume and concentration are 
considered. Johnston and Hoagland {12) called attention to the im- 
portance of the concentration and supply of nutrients in culture solu- 
tions and pointed out their similarity to the intensity and capacity 
factors of hydraulics. Theoretically, under ideal conditions the nutri- 
ent solution should provide the plant with a constantly uniform supply 
and concentration of the element being studied and iii addition should 


Figure 2. — General view of solution-culture apparatus in operation in greenhouse, 
showing system of aeration, earthenware containers, and float gages. 
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siippl}" a siiffici,eiicy of all otlier elements re(_[uire(l Aifiial]}', howevei*. 
it is veiy difficult to meet these ideal conditions. I'lie com imious-ilow 
culture ma}' approach this ideal, but even with this method ( he d(\a'eec‘ 
of uniformity attained depends upon the intei’val ])<‘iwe(‘n umewads 
of Solution. Tlie continuous-flow method also i*e({uires ext<-nsiv(‘ 
equipment wliicli was not available for tlie ])reseiit study; so an altt*r- 
native method of control was used in which larue volumes of solution 
for the individual cultures were employed. Tliesc*, cultui-e solfitioiis 
consisted of approximately 95 liters of solution per plant in large 
vitrified earthenware crocks fitted with tlie |)lam sup])orts described 
on page 2. Eacli culture was provided with a caliljrat(Hi float gage 
so that evaporation and transpiration losses could be re[)]ace(l daily, 
thereby maintaining an almost constant volunu^, of solution with, the 
surface one-half inch beloAV tlie nylon-screen su{)])oj*t. Each culture 
was also aerated continuously by a gentle flow of air sufficient to keep 
the solution constantly agitated. 

The nutrient solutions were made up with tap water and tlie cheni- 
ically pure salts listed in table 1. These salts, except for those of iron 
and the minor elements, were added from 2-molar stock solutions in 
amounts sufficient to provide the calculated concentration of each 
element indicated. Except for the minor elements and for phosphate, 
which was varied, the calculated composition of the solutions was 
similar to that of solution I recommended by Shive and Eobbins 
{20) • At the time the nutrient solutions were made up, they were 
adjusted within the reaction range pH 4.0 to 5.0 with 0.1 N sulfuric 
acid; thereafter they were readjusted at intervals throughout the 
course of the experiments. The range pH 4.0 to 5.0 was selected 
because the results of a series of tests made during the growing season 
on a number of soil samples from potato fields in the Atlantic Coastal 
Plain showed a prevailing reaction below pH 5.0. 


Table 1. — Calculated composition of miPrient solutions before addition of the 

phosphate 


Salt (c, p.) 

Nutrient 

Solution A 

Solution B 

P. p. m. 

Milli- 

eduivalents 
per liter of 
solution 

P. p. m. 

Milli- 

equivalents 
per liter of 
solution 

Calcium nitrate 

Potassium chloride 

Magnesium sulfate 

Ammonium sulfate 

Boric acid _ 

/Ca 

INOa 

/K... 

ici 

fMg 

ISO 4 

/NHs 

ISO 4 

B 

180. 32 
558. 07 
89. 93 
81.56 
55.94 
220. 94 
23. 83 
67.24 
.189 

. - ..262 
.458 
.272 
.411 
.242 
.356 
3.0 

9.00 

9. 00 
2.30 

2. 30 

4. 60 

4. 60 
1.40 
1.40 
.0515 
. 0095 
. 0095 
.0086 
. 0086 
. 0074 
.0074 
.1612 

180. 32 
558. 07 

89. 93 
81. 56 

55. 94 
220. 94 

11.91 

33. 62 
.094 
.065 
.115 

9.00 

9. 00 
2.30 
2.30 

4. 60 

4. 60 
.70 
.70 
.0258 
.0024 
.0024 

Manganous sulfate 

Copper sulfate.. 

/Mn 

ISO 4 

/Cu 

tS04 

fZn. 

/iAilu 

Ferric citrate. 

tS04 

Fe 

3.0 

.1612 




It was intended that an excess of all nutrients other than phosphate 
should be maintained in the nutrient solutions, and occasional colori- 
metric determinations made on solution samples showed that this 
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Wiis accomplislied. The levels of j^hosphate in the solutions, how- 
ever, were maintained by making phosphorus determinations on fil- 
tered samples at least once each weekday and adding PO4 as required 
from a solution of monotpotassium phosphate. It was not possible to 
make any tests or additions of PO.) on Sundays. Phosphorus was 
determined with a photoelectric colorimeter by the Deniges method 
as outlined by Truog {2o) . 

Ferric citrate was added to the fresh nutrient solutions at the rate 
of 3 p. p. m. of Fe, and thereafter 1 p. p. m. of Fe was added at weekly 
intervals or as needed. No evidence of iron chlorosis appeared at any 
time while this procedure was being followed, but the iron additions 
caused a gradual precipitation of ferric phosphate, which accumulated 
in the bottom of the tanks. Although this precipitate was insoluble, 
an atteinpt was made to avoid its formation by supplying iron to the 
plants in separate solutions. To evaluate this procedure there was 
run a special test in which plants were grown in the large tanks with- 
out iron but were allowed to remain overnight several times a week 
in separate solutions containing 5 or 10 p. p. m. of Fe. After each 
treatment the plant roots were thoroughly washed in tap water before 
being replaced in the regular solutions. Within 10 days the growth 
of tliese plants was markedly affected 5 the leaves had develoi)ed a 
dull, light-green color and subsequently the terminal growth stopped 
Alter 50 days only very small tubers had formed. It was concludeci 
that this method of supplying iron, although desirable for the reasons 
stated, was unsatisfactory for growth of the potato plant. Although 
direct addition of ferric citrate to the nutrient solution was objection- 
able because of the gradual precipitation of ferric phosphate, the 
growth response of the plants by this iirocedure was satisfactory and 
there were no signs of iron deficiency. Under these conditions,' how- 
ever the disappearance of phosphate from the nutrient solutions could 
not be taken as a measure of its rate of absorption by the plants. 
Iheiefoie, an attempt was made by frequent renewals of phosphate 
and by use of large volumes of solution per plant to maintain a fairly 
constant control of the phosphate concentration of the solution in con- 
tact with the plant roots and to indicate phosphorus absorption bv 
chemical analysis of the plants. ^ 

EXPERIMENTAL RESULTS 
EXPERIMENT 1 

The firet experiment was conducted with nutrient solution A (table 
1) with five levels of PO4— 6.0, 3.0, 1.5, 0.6, and 0.3 p. p. m. Each 
nutrient culture with one potato plant was replicated three times at 
each phosphate level. The Green Mountain potato plants were trans- 
8 1944 ® the solutions on December 8, 1943, and harvested on February 


Growth Data 


necessarily a reliable index 
r£r. ^ nevertheless as an indication of nutrient 

response. Accordingly the rate of top growth was determined by 
measuring the height of the plants each day. The results of th^I 
measurements are plotted at 10-day intervals in figure 3 A. It will 
be noted that after 40 days the plants at the levels of 0.3 and 0.6 p. p 


m. 
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of showed definite reductions and finally cessation of a*rowtlu 
whereas the plants at higher PO4 levels continued lo gi*ow. I'he fail- 
ure of the plants in general to make quantitative gi’owfli r(‘sponses 
according to the amounts of PO4 in the solutions is no doiihi due to 
inherent irregularities in the top growth of individual plants, which 
occur normally in the potato. Because of tins fact ganieralizations 
cannot be attempted with a small number of plants, but from the rates 
of growdli obtained after the plants had been on the solution 40 days 



FiGUKn 3. — Curves showing relation between average height and number of 
days on solution of potato plants grown on iiutrient solutions containing dif- 
ferent concentrations of phosphate : A, Experiment 1 ; B, experiment 2. 


it would appear that under the conditions of the experiment a PO4 
concentration greater tliaii 0.6 p. p. m. was required for optimum top 
growth. 

Chemical Data 

At the end of a 62-day period the plants were harvested and sep- 
arate dry weights were obtained for the leaves, stems, tubers, and roots 
dried at 55° C. for 48 hours. The dried material was then ground in 
a Wiley mill to pass a 40-mesh sieve. Samples of the dried material 
were ashed, and phosphorus was determined by the method of Fiske 
and Subbarow (7) . The resulting data are presented in table 2. 

The data in table 2 show clearly that a definite reduction in the 
amount of dry matter occurred when only 0.6 or 0.3 p. p. m. of PO4 
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was supplied in the nutrient solution. When tlie PO4 content of the 
solution Wins i-aised to 1.5 p. p. m., more dry matter was produced ; but 
further increases up to 6.0 p. p. m. had little effect. It is of interest to 
note ( table 2) that the two lower PO4 levels produced increases in the 
root-top ratios. This is in agreement with the results obtained by 
Sommer (32) with tomatoes, cotton, and wheat. It is apparent in 
the present case, hoM'ever, that the increases in these ratios were 
caused by marked reductions in top growth and not by increases in root 
growtli, as found by Sommer. 

Tabi.e 2 . — Total dry weights and phosphorus content of and phosphorus ahsorhed 
hy potato plants groimi for 112 dags in nutrient solutionis containmg various 
quantities of PC) a, experiment 1 

[ Values based on B plants eaeli grown in an individual solution at the POi level indicated] 


POi content of nutrient solu- 
tion and plant part 


6.0 p. p. rn.: 
Leaves,.. 
Stems ... 
Tubers., 
Boots 


Total 
dry weight 


Root-top 

ratio 


Grams 

57.5 

16.3 

117.0 


Total. 


3.0 p. p. m.: 
Leaves. 

Stems 

Tubers. , 
Roots 


Total. 


1.5 p. p. m.: 
Leaves... 
Stems..... 
Tubers.. 
Roots 


Total-. 


0.6 p. p. m.: 
Leaves... 
Stems.... 
Tubers. - 
Roots 


Total.. 


0.3 p. p. m.: 
Leaves.. 
Stems... 
Tubers., 
Roots... 

Total. 


199.5 


45.4 

11.5 
107.4 

6 . 1 


170.4 


49.1 

13.0 

118.8 

7.3 


188.2 


33.7 
7.7 

93.7 
5.2 


140.3 


31.2 

8.4 
90.8 

5.5 


135.9 


0.118 


Phospho- 
rus content 
(dry. 
weight 
basis) 


Percent 
0. 78 
.66 
.56 
2. 25 


.107 


,79 
.55 
.46 
2. 47 


Amount of 
phosphorus j 
absorbed 
by plants 


Millimols 
13. 5 
3.5 
21. 1 
6.3 


44.4 


Phosphorus in nutrient 
solutions 


Added 


Millimols 


78. 0 


.62 
.43 
.48 
2. 33 


.31 

.20 

.33 

1.92 


.30 

.12 

.28 

1.19 


11.6 

2.0 

15.9 

4.9 


34.4 


9.8 

1.8 
,18.4 

5.5 


35.5 


3.4 

.5 

10.0 

3.2 


17.1 


3.0 
.3 

8.2 

2.1 


Recovered 
in plants 


Percent 


58.4 


48 .^ 


27.5 


73.3 


13.6 


18.4 


73.9 


The percentage of phosphorus in the dry matter was also markedly 
affected by the level of PO4 maintainecl in the nutrient solution. As 
the PO4 content of the nutrient solutions was decreased from 6.0 to 
0,3 p. p. m., the percentage of phosphorus in the dry matter also 
decreased, but not in proportion to the amount of PO4 supplied. 
Similar results were reported by Lyness (14) in a study of the phos- 
phorus absorption by corn growing in sand cultures 
The sharp reductions in the percentages of phosphorus, especially 
in the leaves and stems, at the 0.6 p. p. m. level, the further reductions 
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obtained in the stems and tubers at the 0,3 p. p. m. level, and the fact 
that growtli in each case practically stopped at 40 days, all strongly 
suggest an inadequate supply of PO4 at these levels. Although specific 
phospliorus-deficiency symptoms did not appear in the plants growing 
at the two louver PO’^ levels, their general appearance was definitely 
subnormal and their dry w^eights Avere less than those obtained at the 
higher phosphate levels. 

The data in table 2 shoAving the amount of phosphorus absorbed 
by the plants clearly indicate that marked reductions in absorption 
took place in the solutions containing less than 1.5 p. p. m. of PO4. 
A total of 35.5 millimols of phosphorus Avas absorbed from the solu- 
tion containing 1.5 p. p. m. of PO4, but the totals AA^ere only 17.1 and 
13.6 millimols from the solutions Avith PO4 levels of 0.6 and 0.3 p. p. m., 
respect iA^ely. Although the total millimols of phosphorus absorbed 
by the plants differed at each level of phosphate supplied, the tubers 
invariably contained the largest amounts of phosphorus and the leaves 
the next largest. The percentages of the added phosphate recoA^ered 
by the plants Avere in general fairly high, but the percentages of re- 
coAwy Avere considerably loAver from the solutions containing 3.0 and 
6.0 p. p. m. of PO4. The loAvest recovery Avas 56.9 percent; therefore 
the proportion of phosphate added to the solutions which remained 
unaccounted for by plant removal probably did not exceed about 43 
percent. 

EXPERIMENT 2 

The second experiment Avas conducted primarily to study the 
reaction of the potato plant to a level of PO4 lower than that used 
in experiment 1 ; only three leA^els (1.5, 0.5, and 0.1 p. p. m.) Avere used. 
The number of replications Avas increased from three to five, but each 
culture, as in experiment 1, consisted of only one plant. In this ex- 
periment nutrient solution B (table 1) Avas used; this differed slightly 
from sol ution A, principally in the omission of copper and zinc. Uther 
changes made in solution B include a 50-percent reduction in NH3 
nitrogen and reductions in manganese and boron. These changes AA^ere 
made after preliminary tests, in which solution B produced consider- 
ably better groAvth than solution A, had been run. 

Green Mountain potato plants Avere transferred to the solutions on 
February 8, 1945, and thereafter the experimental procedure folloAA^ed 
was the same as that outlined on page 5. 

Groavth Data 

The plants in experiment 2 showed a marked improA^emeiit OA^er 
those in experiment 1 as they were more nearly like field-groAvn plants. 
The rate of top growth for each PO4 level is shoAvn graphically in 
figure 3, in Avhich the height measurements (aA^erages of three 
plants) were plotted for 10-day intervals. Comparison of these 
growth curves shows that within a period of 20 to 25 days the solution 
supplying the lowest level of PO4, 0.1 p. p. m., had a definite retarding 
effect on top growth. After 30 clays the average height was only 46 
cm., and thereafter the plants made little terminal growth ; their upper 
leaves Avere small and dark green and the margins Avere noticeably 
wrinkled (fig. 4, i5) . At the tAAm higher PO4 levels (1.5 and 0.5 p. p. 
m.) groAvth Avas good up to 50 days; the average plant heights were 

748434—47 2 



Figure 4. — Potato plants sliowing effect ol phosphate on terminal leaf 
Nutrient solution contained 1.5 p. p. ni. of PG^'; B, nutrient sohitio; 
0.1 p. p. m. The lower leaves in B w^ere dull and yellowish green, \ 
terininal ones were dark green with wrinkled margins. 


89 and 98 cm., respectively, and the leaves were normal in appearance. 
Altlioiigli there Avas little difference in the height of the plants and 
tlieir rate of elongation in these two solutions, the plants in the 1.5 
]). p. m. solutions had thicker stems and produced considerably more 
secondai^y growth. The relative growth responses of tops and roots 
to the three levels of PO4 are illustrated in figures 5 and 6. 


Figure 5.---Potato plants 32 days after transfer to the solution cultures, showing 
effect of different phosphate levels on the top growth. Note the secondarv 
growth at 1.5 p. p. m. of PO 4 . 
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Chemical Data 

After experiment 2 had been running for oO days, it became in- 
creasingly difficult at certain periods to maintain the |)liospliat(^ levels: 
in the solutions supplying 0.1 p. p. m. of PO.i. This was })art i^adarly 
evident on bright days, when several additions of PO. were jaanied 
to bring the solutions up to the required level. AppaiTmtly tlu‘ 
plants in these solutions had reached a stage of growth diiring which 
their phosphate requirements could only be satisfied by a virtually 
continuous supply at the 0.1 p. p. m. level. 

The problem of maintaining levels of PO4 in solution cultures, 
especially when they approach a critical point for plant growth, 



Figuke 6 . — Roots of potato 51 days after plants were transferred to solution 
cultures, showing effect of diiferent phosphate levels on growth. The darker 
color at 0.5 p. p. m. and 0.1 p. 11 . 111 . of PO 4 is due to a coating of ferric iron. 


obviously is inseparably connected Avith the absorption of the plants 
groAving thereon. Under active groAving conditions none of the levels 
used in the present experiments can be regarded as constantly main- 
tained, since the amount of PO 4 in the solutions under such conditions 
can change very rapidly. According to Brooks (.^) equilibrium can- 
not be attained while cell groAvth is actively taking place ; during that 
time ions move into the plant rapidly, and it is noAv generally under- 
stood that some ions moA^e out also, but at a sloAver rate {S ) . 

Since the amounts of PO4 found in the nutrient solutions Avere re- 
corded each day, these records constitute a means of appraising the 
PO4 status of the nutrient solutions during the course of the experi- 
ment. As it is not possible to present these data for all 15 tanks, 
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Figukb T. — Curves showing phosphate found each niorning in two typical tanks 
at each PO 4 level, experiment 2 : A and B, 1.5 p. p. in. ; C and i>, 0.5 p. i). m. ; 
B and F, 0.1 p. p. m. Five-tank averages : 1.5 p. p. m., 1.124±0.026 ; 0.5 p. p. 111 ., 
0.273 ±0,013; 0.1 p. p. in., 0.116 ±0.009. 

solution, sufficient monopotassium phosphate was added to raise it to 
the proper level ; otherwise no phosphate additions were made. The 
fluctuations in PO 4 content of the nutrient solutions illustrated in 
figure 7 obviously were not caused entirely by plant absorption, since 
the greatest recovery by the plants was not alaove 85.5 percent. (See 
table 4.) Chemical reactions in the nutrient solutions and possibly 
to a less extent biological activity are suggested as contributing fac- 
tors, but it seems reasonable to attribute the greater part of these 
fluctuations to plant absorption. In this connection it is important 
to recognize that, because of the large volume of solution provided 















July 1, 1017 Mimm/mn Phosphate Requirement of Potato Plan /x 


13 


per plant and the frequency of PO 4 fortification, any crit i<*a] I'educi ions 
in PO 4 content tliat may have occurred could Inive lietni of only short 
duration. 

Because of tlie difficulty experienced in maintaining* tlie PO 4 level 
of the 0.1 p. p. m. solutions during certain ])ei‘iods, as pi-eviously nieii" 
tionecl, a decision was made to harvest two re[)lications at. each PO 4 
level after they had been on the solutions 00 days and to allow three 
replications to remain until tubers could form. Ac(a)rdingly, plants 
selected at random were harvested on Marcli bh 1045, dined, ground, 
and analyzed for phosphorus as previously desci’ibed. At tlie time 
of harvest the leaves of these plants were divided into tlii’i^e portions 
according to their vertical position on the phnit: upjier third, middle 
third, and lower third. These samples -were analyzed >(‘parateiy in 
an attempt to determine more fully the relative distribution of phos- 
plioiiis within the plant at an early stage of development. Tlie data 
obtained are presented in table 3. 

Table 3. — Total dry tveir/hts and phosphorus content of and phosphonis absorhed 
lyy potato plants groum for SS days in nutrient solutiouti eontaoung mrious 
quantities of .PO 4 , experiment 2 


[Each plant grown in an individual solution Jit the r0.i level indicated] 


Nutrient solution, 
containing indi- 
cated PO 4 

Phosphorus in duplicate potato plants 

Total 

dry 

weight 

.Amount 
of ].)hos- 
phorus 
absorbed 
by 

plants ^ 

Phosphorus in 
nutrient solutions 

0 pi:)er 

leaves 

Middle 

leaves 

Lower 

leaves 

Stems 

Koots 

Added 

Recov- 
ered in 
plants 

1.5 p. p. m. 

0.5 p. p. m 

O.l p. p. m 

Percent 
f 0.97 

1 .88 
j .71 

1 . 64 
f .38 
\ .34 

Percent 

0. 71 
.68 
.45 
.40 
.20 
.22 

Percent 
- 0. 59 

.60 
.34 
.33 
.18 
.21 

Percent 
0. 56 
. 56 
.34 
.28 
.12 
.10 

Percent 
1.32 
1.22 
.74 
.69 
! . 55 

' .39 

Orams 
} 31.8 

} 29.3 

j 18. 2 

Mini- 

mots 

7.49 

4.54 

1. 55 

Mim- 

mols 

18. 17 

11.17 

2. 75 

Percent 

41.2 

40.6 

56. 4 


1 Obtained from percentage of PO 4 and dry weight of each plant part. 


The effects of phosphate supply on the percentage of phosphorus in 
the plants after 33 days are brought out by the data in table 3. It is 
clear that when the concentration of phosphate supplied was below 
1.5 p. p. m. the percentage of phosphorus in the different plant parts 
was definitely reduced in every case and the total amount of phosphorus 
absorbed was much lower. It will be noted, however, that although 
the amount of phosphorus absorbed from the 0.5 p. p. m. solution was 
considerably less than that absorbed from the 1.5 p. p. m. solution, the 
corresponding amounts of dry matter and heights of plant (fig. 3, B) 
w ere similar. Evidently these results illustrate the general concept 
stated by Hoagland and Davis (P, p. lOS) that "dwo solutions may pro- 
duce plants of equal dry w^eight, but of very different composition.” 

As might be expected, the results of the analyses given in table 3 
show that the upper leaves contained the highest percentages of phos- 
phorus. This -was true at all three levels of phosphate supplied. The 
lower leaves, on the other hand, contained the lowest percentages of 
phosphorus ; the middle leaves may be regarded as intermediate in 
phosphorus content. These results suggest that mature leaves from 
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tile liiiddie of tlie plant ma}^ be taken as representative wlien potato 
foliage is sampled to determine the general phosplioriis level in the 
plant. 

The tliree remaining replications of experiment 2 were harvested 
April 2, 1915, after being on the nutrient solutions 53 days. Data 
pertaining to these more mature plants are given in table 4. The rela- 
tion between the quantities of PO4 supplied and the total dry matter 
produced (table 4) was more pronounced than was the case with the 
(airlier harvested plants (table 3). After the plants had remained 
on the 1.5 and 0.5 p. p. m. PO4 solutions for 53 days, there was a marked 
ditference in their dry-matter content, which was not obtained at 33 
days. Ill general, all parts of the more mature plants except the tubers 
at 0.5 p. p. m. of PO4 were found to have a lower dry-matter content 
when the phosphate supply was reduced. 


Table 4. — Total dry weights and phosphorus content of and phosphorus ahsorhed 
hy potato plants grown for 53 days in nutrient solutions containing rarlous 
quantitw^^ of POi, ewpe/riment 2 


[Values based on 3 plants eaeli grown in an individual solution at the PO.i level indicated] 


PO 4 content of nutrient 

Total 

dry 

weight 

Hoot-top 

Phospho- 
rus content 
(dry- 
weight 
basis) 

Amount of 
phospho- 
rus 

absorbed 
by plants 

Phosphorus in 
nutrient solutions 

solution and plant part 

ratio 

Added 

Recovered 
in plants 

1.5 p. p. m.: 

Leaves., 

Grams 
202. 2 

] 

Percent 
{ 0. 59 

Millimnls 
38. 5 

MUlimols 

Percent 

Stems 

78.5 


1 .45 

11. 4 



Tubers-- 

50.2 

> 0. 128 


8.8 



Boots 

36.0 

J 

1 .80 

9.3 








Total 

366.9 



68.0 

87.0 

78.2 




0.5 p. p. m.: 

Leaves 

113.0 

] 

f .34 

12. 4 



Stems 

38.1 


J .24 

3.0 



Tubers 

75.6 

> . 156 

1 .38 

9.3 



Hoots 

23.5 

j 

[ .48 

3.6 



Total 

250.2 



28.3 

40.8 

69.4 



. . 


0.1 p. p. m.: 

Leaves 

39.5 

] 

1 . 17 

2. 2 



Stems 

10.4 


J • 16 

. 5 



Tubers 

39.9 

[ .220 

1 .21 

2 ] 7 



Roots 

11.0 

1 

1 .32 

1. 1 



Total - 

100.8 , 



6. 5 

7.6 






85. 5 


The percentage of phosphorus in the dry matter of the plants (table 
4) was also affected when the supply of phosphate was reduced below 
1.6 p. p. m. Although the percentages of phosphorus in all parts of the 
plant at the 0.5 p. p. m. level, and the dry matter in most, were definitely 
reduced, these indications of phosphorus insufficiency appear to have 
had little effect on the height of the plants (fig. 3, B) throughout the 
experiment. At the 0.1 p. p. m. level, however, the rediictions in 
both percentage of phosphorus and amount of dry matter were iiro- 
nounced, growth was markedly affected, and phbsphorus-deficiency 
symptoms developed in the plants. Three stages of absorption based 
on the percentage content of a given nutrient in the plant were recoo- 
nized by Macy (JS). He suggested the following criteria to describe 


July 1 , 10 ! 7 Mi/rdniwn Phosphate Re quire merit of Potato Plants 


15 


tlieiii : A ‘‘"critical percentage” stage abave wliicli tlwrv is cvidcMici^ of 
‘‘"luxury consumption,” a ""poverty adjustment” stag(‘ in which plant 
growth is adjusted to a limited nutrient supply, and linally a ""niini- 
inum percentage” stage in which growtli practically stops, in tlie 
present experiments a ""critical percentage'’ stage tip[)arently devcd- 
oped in the potato plants at tlie 1.5 p. p. m. PO, leveh since some 
evidence of “luxury consumption” appeared above this level ( table 2). 
A “poverty adjustment” stage evidently was reaclied near tlie 0.5 p. 
p. m. level and a “minimum percentage” stage at about the 0.1 p. p. m. 
level. 

Compared wdth the total amount of phosphoi’us absorbed from the 
1.5 p. p. m. PO 4 solution, that absorbed from the 0.5 p. p. m. solution 
'was reduced more than 50 percent and that from the 0.1 p. p. m. solu- 
tion 90 percent. The highest percentage recovery by the |)lants, how- 
ever, occurred at the low-est phosphate level, as in tlie case of the earlier 
liarvested plants. In general, when the concentration of pliospliate 
in the nuti'ient solutions was decreased, the amount of pliosphoriis 
found in all plant parts was lower, but these reductions were greater 
in the stems and leaves. 

DISCUSSION 

Although there were periods in the growtli of the potato plants when 
the demand for phosphate increased, these appeared to be due more 
to environmental conditions that were favorable for growth than to 
any particular development of the plant. For instance, thei*e was no 
indication of a sustained increase in the demand for phosphate when 
tuber growth coinmenced or at tlie initiation of the blossom prirnordia. 
The exteiisiA'e root development obtained in the solution cultures early 
in the growth of the plant and the favorable conditions existing for 
absorpcion of phosphate may account for the failure to detect any 
pronounced increase in demand for phosphate at the periods men- 
tioned. Under conditions of growth in the soil, however, supplying 
phosphate early seems desirable. The wmrk of Carolus (6) indicated 
that a peak in the absorption of phosphate by potatoes occurred 50 to 
80 days after planting. It is not knowm, however, wthether the de- 
mand for phosphate can become critical at any stage during this period 
of growTh. This point would seem to werrant further study, since 
it has an important bearing on the question of the proper time to 
supply readily available phosphate for potatoes as well as the amount 
to be used in relation to the less readily available phosphate reserves 
in the soil. The time phosphate is supplied as w^ell as the amount 
supplied may be important in enabling the plant not only to produce 
early, vigorous growth but also do accumulate a phosphorus reserve 
for its subsequent requirements when less pliospliate is usually avail- 
able. 

It should, be obvious that the results obtained in the present investi- 
gations by solution-culture procedure cannot serve directly as a basis 
for recommendations in the field and that data obtained on a small 
number of potato plants cannot provide a sound basis for generaliza- 
tions. Hovv'ever, these data indicate very definitely that the percentage 
of phosphorus in the potato plants and the production of dry matter 
w^ere both markedly affected by the levels of phosphate supplied in the 
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niitrieBt soliitioiis. There was also a general relation between the 
ainoiint of phosphorus absorbed by the plants aiicl tlie level of phos- 
pliate supplied ; but, as might be expected, this relation was not propor- 
tional. Although the plants in the solutions maintained at about 0.1 
p. p. m. of PO 4 were unable to obtain sufficient phosphorus for their 
growth requirements, there was no evidence to indicate that this f ai lure 
vvais due to their inability to absorb phosphorus from such dilute solu- 
tions. Under the conditions of the experiments the potato plants 
probably developed phosphorus-deliciency symptoms in these dilute 
solutions when the rate of absorption proved inadequate for the needs 
of the plant. However, if a potato variety other than Green Moun- 
tain had been used or the experimental procedures had been modified, 
it is entirely possible that the results obtained in the most dilute 
solutions might have been somewhat altered. 

SUMMARY 

Experiments were conducted with a specially devised nutrient- 
solution apparatus to determine the minimum phosphate requirement 
of the potato plant (Green Mountain variety). Low levels of phos- 
phate approximating those that have been found in the soil solution 
were used in the nutrient solutions, and the solutions were analyzed 
daily for phosphate and fortified as required by adding moiiopotas- 
sium phosphate. Approximately 95 liters of nutrient solution was 
supplied each plant. Support for tlie tubers and the plant above the 
surface of the solution was provided by a %-inch mesh nylon screen. 

Under the conditions of the experiments the potato plants made 
excellent growth in the nutrient solutions maintained at a phosphate 
concentration of approximately 1.5 p. p. m. When the phosphate 
concentration was reduced to 0.5 p. p. m., the height of the plants was 
only slightly reduced but the production of dry matter and the 
percentage of phosphorus in the plants were definitely lowered. 
When the phosphate concentration of the solutions was reduced to 
O.l p. p. m., however, the plants w^ere much smaller, phosphorus- 
deficiency symptoms developed, and there was a pronounced reduction 
in both dry matter and percentage of phosphorus. The results ob- 
tained at the phosphate concentrations of 1.5, 0.5, and 0.1 p. p. m. 
may be identified, respectively, with the three stages of nutrient 
absorption suggested by Macy {15) : namely, “critical percentage,’- 
“poverty adjustment,” and “minimum percentage.” 

The results of phosphorus determinations made on the upper, 
middle, and lower leaves of the plants suggest that a sample of 
mature leaves selected from the middle of potato plants can be used 
for analysis to indicate the general phosphorus uptake. 

In general, the amount of phosphorus absorbed increased as the 
concentration of phosphate in the solutions increased, but the per- 
centage of phosphorus recovered by the plants was greater in the 
most dilute solutions. 
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REACTIONS OF CABBAGE VARIETIES TO MOSAIC 

VIRUSES ^ 

By Glenn S, Pound 

Formerly associate pathologist. Division of Fruit and Vegelafdc Crops and Diseases, 

Bureau of Plant Industry, Soils, and Agricultund Bngineeririg, Agriculiurai 

Research Admmistration, United States Department of AgriruU are 

INTRODUCTION 

In recent years considerable attention bas been given to the de- 
scription and identification of viruses affecting cabbage (Brassica 
oleracea var. capitata L.) and related plants (I, I, 4, 5, 6y 7, 8, 9, 10, 
11, IS).^ In 1942 a survey was made of the relative resistance of a 
number of selfed. and hybrid lines of~Wisconsin All Seasons cabbage 
to mosaic. Some promising selections were found; incorpoiation of 
their resistance to mosaic with resistance to yellows and (h'Sirabk' 
horticidtural type is under way {12), During the search for j)ossibl(‘ 
breeding material it was tlioiight wise to test tlie more common com- 
mercial varieties in order to learn in which varieties resistance is most 
needed and in which it might be found. The work was carried out in 
the seed-growing district of the Puget Sound section in western 
Washington. 

MATERIALS AND METHODS 

Practically all cabbage vuirieties of commercial importance are 
grown as seed crops in the Puget Sound section. Tlie seedlings of 
the various varieties are usually grown together in large plant beds, 
and later they are transplanted to fields where they are left for seed 
production. Under the cultural methods used prior to 1945, 60 to 
75 percent of the plants became infected with mosaic while in the 
plant beds {$). Because seedlings were so widely infected, some data 
were taken in farmers^ seed fields. Additional data came from experi- 
mental field plots. 

Varieties in farmers’ fields for the 1943-44 seed crop were rated by a 
disease-index system. As plants of all varieties had a common ex- 
posure while in the plant beds, rating individual diseased plants in 
transplanted fields according to severity of symptoms was used to 
obtain a measure of the relative susceptibility of the various varieties. 

^ Received for publication September 5, 1946. Cooperative investigation by the 
Bureau of Plant Industry, Soils, and Agricultural Engineering and the Wash- 
ington Agricultural Experiment Stations at the Vegetable Seed Production Lab- 
oratory, Mount Vernon, Wash. Scientific Paper No. 671 of the State College of 
Washington and the Washington Agiiculturai Experiment Stations. 

2 Italic numbers in parentheses refer to Literature Cited, p. 30. 
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I t w as riecessary to I'a te a large niimbe]* of plants in order to minimize 
variations between locations. One set of i‘a tings was made in the fail 
do to 50 days after transplanting, and another was made in the same 
fields lli(‘ following summer about 6 weeks prior to seed harvest. 
Notes w{‘re taken on infected plants oiil^^, and all in the row that 
was l)(‘ing: checked were rated. Sample rows were selected from 
(lillVrent areas in the field. Each plant was placed in one of four 
ei assess arbitrarily chosen according to the severity of symptoms de- 
sci'ilx'd in table 1. In calculating the disease iiideXj the number of 
phints in each class was multiplied by the class value, the sum of the 
[products was multiplied b.y 100, and the result was divided by 4 
times the total number of plants. Thus if all the plants were in class 

1 the index would be 25; if all were in class 4, the most severe class, 
the index would be 100. 

In 1944 several varieties were grown for head cabbage in random- 
ized, replicated plots. These were transplanted into paired rows, and 

2 weeks later the plants in one row of each pair were inoculated 
niechanically with virus strains (p. 21). The other row of each pair 
served as a check. Because of severe infection of check plants by 
aphid activity no yield data were taken; the plants were rated, how- 
evei*, by a disease-index system identical with that just desci*ibed. 


Table 1. — Description of disease-severity classes of infected cabbage plants 


St‘ verity 

Class 

Severity of 

Class description for— 

clhss 

value 

.symptoms 

Head cabbage 

1 Seed cabbage 

1 

25 

Mild 

Mild mottling and vein 
clearing; or either of these 
by itself; no necrosis; no 
conspicuous stunting. 

Xlild mottling, stunting, and necrosis 
of leaves; or mild mottling and stunt- 
ing of leaves; or mild necrosis of 
leaves: no necrosis of stalk, pods, or 
pedicels. 


50 

Moderate 

Relatively severe mottling, 
distortion, and stunting: 
or necrosis with little or no 
mottling. 

Marked chlorosis and necrosis of leaves; 
or either of thOvSe by itself; defoliation 
not greater than 25 percent; verv 
little necrosis of stalk or pods. 

3 

4 

75 

Severe 

Severe mottling with leaf 
distortion and moderate 
necrosis; marked stunting. 

Severe chlorosis and necrosis of leaves, 
resulting in defoliation up to 50 per- 
cent; moderate necrosis of stalk, pedi- 
cels, and pods. 

100 

1 

Very severe. . . 

Severe mottling, leaf distor- 
tion, stunting, necrosis, 
and defoliation. 

Severe chlorosis and necrosis of leaves, 
resulting in defoliation up to 100 per- 
cent; severe necrosis of stalk, pediceis, 
and pods. 


In 1945 a similar plot was used, but the seedlings were grown in 
greenhouse flats and inoculated before being transplanted. In this 
experiment a slightly different system of rating disease severity was 
used. Each of 25 plants in each replicate was rated and placed in 
1 01 4 severity classes for each of 3 different symptom categories as 
shown m table 2. The disease index was calciilafed by multiplving 
the^ total number of plants in each class by the class value and then 
dividing the sum of these products (total score) by 3 (since there were 
3 s 3 "mptom categories) times the number of plants being rated (25 in 
the example). This method proved to be much more effective in 
rating disease severity than the one in which all symptoms were com- 
bined into 1 category of severity. It is realized that there can be no 
accurate quantitative measurement of severity of disease symptoms, 


July 1, 1947 


Reactions of Cahhage Varieties to Mosme Virasrs 21 


Table 2. — Method of determining disease index of 25 cahlmge 'plants io experirrien- 

tal plots y 1945 



Class 

value 


1 

i Plants in indicated symptom 
i categrory 

Total for 


Severity class 

Severity of symptoms 

1 

1 

i Stunting- 
i leafdistor- 
i tion 

1 

1 Alottling- 
1 chlorosis 

i 

j Xeerosis 

3 (*at(,‘- 
g'ories 

Score ^ 

1_ 

25 

Mild 1 

Number 

8 i 

Xu mber \ 

Xu mber \ 

Xu mber | 
22 

550 

o 

50 

Moderate 1 

10 i 

10 ! 

12 i 

32 

1, 000 

3 

75 

Severe i 

3 1 

0 : 

0 ! 
0 1 

15 i 

1. 125 
000 

4 

100 

Very severe j 

4 j 

2 i 

6 







Total 


. . i 

25 I 

25 ■ 25 

w 

2 3, 875 




j 




i Obtained by multiplying the total number of plants in each class by the class value. 

- Disease-index value=5l.7 (determined by dividing the total score by U times the nuiiiber of plants 
measured, as each plant was classified in 3 categories)/ 


but it is felt that this method gave a fairly true picture of the relative 
varietal susceptibility. 

In the Puget Sound section, as in the Midwest (IS), cabbage mosaic 
is caused by two unrelated viruses (virus a strain of turnip virus 1 
Hoggan and Johnson^ and virus B, a strain of cauliflower virus 1 
Tompkins) which normally occur together in plants. The data on 
plants from the 1943-44 farmers' fields represent, therefore, the dis- 
ease as it occurs naturally in this section. In the 1944 plot, plants were 
inoculated with a mixture of isolates of viruses A and B obtained from 
the University of Wisconsin. In the 1945 plot the varieties were 
inoculated with a mixture of W'isconsin. viruses A and B, with a mix- 
ture of viruses A and B occurring in the Puget Sound section, and 
with a mixture of W^isconsin virus B and the Califoi“nia black ring 
virus (10) (another strain of turnip virus 1 originally obtained from 
the University of California). Extensive greenhouse tests have shown 
that the virus strains producing mosaic in the Puget Sound section 
are identical with those occurring in the ilidwest (13) and are not 
the strains reported as prevalent in California (6\ 10). 

The varieties ^ studied were of the following types: 


Flatheaded: 

All Head Early 
All Head Select 
Premium Late Flat Dutch 
Stein’s Early Flat Dutch 
Succession 

Wisconsin All Seasons 
Ballhead-Hollander: 

Bugner 

Danish Ballhead 
Ferry’s Hollander 
Improved Wisconsin Ballhead 
Penn State Ballhead 
Wisconsin Ballhead 
Wisconsin Hollander 


Pointedheaded: 

Charleston W'akefield 
Early Jersey Wakefield 
Jersey Queen 

Rouiidheaded: 

Copenhagen Market 
Early Round Dutch 
Globe 

Glory of Enkhuizen 
Golden Acre 
Marion Market 
M idseason M ar ket 
Resistant Detroit 


Yellows-resistant varieties were from stocks of the Wiseonsin Cabbage Seed 
Co. All other varieties were from stocks of Ferrv-Morse Seed Co. except those 
in farmers’ fields in which Stein’s Early Flat Dutch, Charleston Wakefield, and 
Earlv Round Dutch from stocks of the Associated Seed Growers, Inc., were used. 
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VARIETAL REACTIONS 

SEED FIELDS IN 1943-44 
Symptom Severity 

111 tables 3 and 4 are given the varietal reactions of cabbage 30 to 
50 days after transplanting to farmers’ fields and just before seed 
harvest, when the disease had incubated for 10 or 11 months. 

A study of table 3 will reveal that the varieties represented a distinct 
gradient ‘ of susceptibility but could be divided roughly into three 
classes. In the least susceptible group were All Head Select, Wis- 
consin All Seasons, Globe, and Stein’s Early Flat Dutch. Except for 
Globe all of these are of the flatheaded type and are very similar in 
time of maturity. No counts were made on Succession, another 
flatheaded variety, but observations indicated that it would fall in 
this group. The" intermediately susceptible group included all the 
early" and midseason roundheaded varieties tested except Globe, in 
addition to All Head Earhy Charleston Wakefield, Early Jersey 
Wakefield, and Premium Late Flat Dutch. Early Jersey Wakefield 
was at the top of this group. All roimdheaded varieties in this group 
were remarkably similar in their reaction. The ballheads comprised 
the most susceptible group; Ferry’s Hollander was distinctly the most 
severely affected variety of this group. 

It is apparent that during the seed stage (table 4) the varieties 
occupied relatively the same position of susceptibility as in the fall. 
Then too, Wisconsin All Seasons, Globe, Stein’s Early Flat Dutch, 
and All Head Select comprised the least susceptible group. Also, the 
roundheaded varieties except Globe were intermediate in suscepti- 
bility, and the ballheads with the exception of Wisconsin Hollander 
were the most susceptible. It was surprising to find Wisconsin 
Hollander showing only moderately severe symptoms in vie^v of its 
extreme susceptiMity under mid western conditions. All varieties 
showed a higher disease-index value during the seed stage than dining 


Table 3. — Relative susceptibility of 18 cabbage varieties to cabbage mosaic 30 to SO 
days ajier transplanting, 1943-44 


Variety 

Total 

plants 

checked 

Plants in severity elas 

s 

Disease- 
i ndex 
value 

1 

2 

3 

4 

All Head Select 

Number 

563 

Number 

506 

Number 

57 

Number 

0 

Number 

0 

27. 5 

Wisconsin All Seasons - 

734 

599 

132 

3 

0 

29. 7 

Globe-- . 

683 

429 

254 

0 

0 

34. 3 

Stein’s Early Flat Dutch 

686 

396 

262 

28 

0 


Early J ersey Wakefield . 

693 

310 

370 

13 

0 

39. 3 

Premium Late Flat Dutch 

738 

258 

420 

60 

0 

43. 3 

Glory of Enkhuizen 

812 

203 

585 

24 

0 

44. 5 

Charleston Wakefield 

703 

2.25 

404 

74 

0 

44.6 

Early Round Dutch 

637 

140 

460 

31 

0 

45. 5 

Resistant Detroit - . 

704 

156 

500 

48 

0 

46. 2 

Golden Acre---- 

629 

144 

432 

53 

0 ! 

46. 4 

Marion Market--- - 

745 

179 

485 

SI 

0 j 

46. 7 

All Head Early - 

750 

124 

548 

78 

0 ! 

48. 5 

Copenhagen Market--- 

674 

127 

449 

98 

0 1 

48.9 

Wisconsin Hollander _ _ . - 

532 

44 

326 

162 

0 1 

55.5 

Danish Ballhead - 

712 

51 

339 

305 

17 1 

60. 1 

Penn State Ballhead 

696 

46 

330 

300 ! 
363 i 

20 I 

60. 6 

F erry ’s Hollander-' , _ . 

674 

23 

267 

21 i 

64.2 
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Table 4.^ — Relative susceptibility of lo cahhage varieties to eahhafje iuosaic during 

seed stage, L943~~44 


Variety 

i Total 
plants 
checked ■ 

Plants in severity elas'' 

i >i.sra'^(‘- 
' index 
faille 

1 

2 3 

4 


Nitmhf:r 

Numher 

iV // ni Ik r jV ii mlm 

N’lnrCier 


■Wisconsin All Seasons 

296 

101 

152 43 

0 

45. 1 

Oiohe - _ _ . 

317 

50 

220 47 

0 

49. 8 

■^icni's Early Flat hutch _ 

316 

38 

2lt> 50 

18 

53.8 

All ricati Select 

136 

17 

85 30 

1 

53. 9 

.Marion Market 

j 331 I 

30 

hlS 90 

13 

61.0 

Piarly .fersi'y Wakefield 

1 322 i 

13 

157 145 

7 

61.3 

Wi.'^consin Ilollurulcr ! 

254 1 

8 

117 i 107 

22 

»i4. 1 

Olory of Pnikhuizcn . j 

394 : 

9 

180 ^ 175 

30 

64. 3 

R(*sistant hi'troit 1 

301 i 

18 

117 1 134 

32 

65. 0 

thjiH'iihajitai Market j 

299 

25 

SI i 130 

63 

69. 3 

O olden Acre . i 

243 

20 

59 ! 117 

47 

69. 7 

Early Round hutch 1 

329 

4 

114 1 151 

60 

70.3 

Charleston Wakefield 1 

370 

17 

124 i 135 

94 

70. 7 

R(‘nn Stale Ballhead 1 

344 

0 

93 ; 140 

111 

76. 3 

1 )anish Ballhead . - . . i 

311 ! 

0 

49 i 118 

144 

82.6 


Ml! all vai the prc'sonei* of downy mildew made an accurate estiraation of virus defoliation dilficult, 
but tile etl'eets of the 2 dis(‘asos were separated as much as possible, 
i Severe develojuneiil of downy mildew confused diagnosis in this variety. 


tlie immature-head stage. This increase tended to be greatest for the 
least susceptible varieties and least for the most susceptible ones. 

Symptom Type 

As previously mentioned, mosaic is caused by two unrelated viruses 
wliich normally occur together (13). Virus A characteristically pro- 
duces chlorotic spotting or chloi-otic ringing of leaves, wliich is later 
followed by block necrotic rings or irregular nec.ro tie spots. Virus B, 
the other component, characteristically produces chlorotic vein clear- 
ing, vein banding, and general, diffuse, deficieneylike chlorosis. 
Wlien the two viruses occur together, the disease reaction is more 
severe than when either virus occurs alone. 

In table 5 the relative prominence of ^utrious types of symptoms is 
given for each variety. In the immatur‘e-head stage the four most 
tolerant vaiieties characteristically showed mild mottling and mild 
vein clearing and general chlorosis. Vijuis B symptoms usually pre- 
dominated over those of virus A. The chlorosis, which resembled 
that of a mineral deficiency, was different from the chlorosis resulting 
from severe mottling as shown in roundheaded types. In the iiiter- 
mediate group there was a great diversity of symptoms. Early 
Jei'sey Wakefield, Charleston Wakefield, All Head Early, and Premium 
Late Flat Dutch showed much more pronounced vein clearing and 
vein banding than other vai*ieties. All roundheaded varieties in this 
grou]) showed severe to very severe mottling, stunting, leaf distortion, 
and chlorosis — combined effects of both viruses but markedly pre- 
dominant with virus A. The general chlorosis was yellow, a color 
resulting from the severe mottling. The ballheads likewise expressed 
a marked predominance of virus A symptoms, resulting in a severe 
or very severe leaf distortion, stunting, and necrosis. Necrosis was 
markedly more severe in these vaiieties than in others. In geneiul, 
the viruses produced a yellow-green mottling in the ballhead varieties 
in contrast to the tmllow mottling produced in the roimdheaded 
varieties. 


'ype and intensUy of symptoms expressed by 18 cabbage varieties infected with 
[0, none; +, slight; ++, moderate; +-1-1-. severe; very severe] 
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In the seed stage the varieties showed the sam(‘ geneiid type of 
symptoms as in the immature-head stage^ but neer(^sis and ddoliatio!! 
were generally much more severe. 

Effect of Air Temperaturb.s on Symptoms 

Pound and Walker (4) showed that symptoms of virus B are most 
pronounced at low temperatures and those of virus A at high iem|.)(U‘a- 
tiires. Furthermore, plants infected with a combination of tlu^ ^uruses 
may change symptom types if the air temperatures under which they 
are growing change. The cabbage seed crops in the Puget Sound 
section offered excellent opportunity for further observations on tlie 
effect of temperature. Plants there are set out in late siiimmu* and 
remain in the open throughout the winter, bolting to prodma' scuai- 
stalks in early spring. Thus in 1943--44 plants grew through a season 
in which the temperature gradually fell from a mean of 60.6° F. in 
September to one of 38.4° in December and then rose to a mean of 
62.0° in June. 

Although air temperatures in the Puget Sound section never reach a 
point high enough to cause the suppression of virus B symptoms and 
the best expression of those of virus A, there w^erc marked changes 
in type as temperature changes occurred. In early fall symptoms of 
virus A were quite conspicuous and those of virus B became increas- 
ingly so until wunter dormancy stopped growth. In April and early 
]\Iay, wdien phints had resumed growTh and temperatures were still 
lowq virus B symptoms w'ere markedly predominant over those of 
virus A. This wnis especially true in tiiose varieties most susceptible 
to virus B. During late fall and wunter enation development, char- 
acteristic of virus B, w^as pronounced. The roiindheaded and ballhead 
types, although showing a predominance of virus B symptoms, also 
showuxl conspicuous mottling or chlorotic ringing. By June virus A 
symptoms attained prominence and plants showed severe mottling, 
necrosis, and defoliation. 

EXPERIMENTAL PLOTS IN 1944 AND 1945 
Summer of 1944 

Tw^enty diff‘erent varieties wvre transplanted in paired rows in 4 
randomized replicates, and the plants wnu'e inoculated 2 wnv'ks later 
wdth a mixture of viruses A and B from Wisconsin. Each replicate 
row^ contained 50 plants. Varieties wnwe rated as to their suscepti- 
bility by a disease index; notes wmre taken 60, <80, and 110 days after 
transplanting. Results very similar to those of 1943-44 were obtained 
(table 6). Wisconsin x411 Seasons, Stein’s Early Flat Dutch, Al! 
Head Select, Succession, and Globe headed the list as the least sus- 
ceptible class. Wisconsin Hollander, Biigner, and. Penn State Ball- 
head showmd only moderate symptoms until late in the season, but 
at the time of maturity the symptoms had become so severe that they 
were hardly less marked than those of the other ballheads. Ferry’s 
Hollander arid Wisconsin Ballhead, wdhch are very similar in type and 
time of maturity, w^ere conspicuously the most susceptible varieties. 
Stunting, leaf distortion, defoliation, mottling, and necrosis w'cre very 
severe in these 2 varieties. All the roundheaded varieties except 
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1'ahlk Relative susce ptihility of 20 cabbage varieties to cabbage mosaic, 1944 


Varu'ty 

Di.sease-index value at indicated 
period after (ransplaru ing : 


(iO days 

80 days 

! 1 10 days 


29.8 

3(). 8 


.■^iein’s Karlv Fiat, Dutch 

30. 8 

42. 0 



31. 6 

3it 9 



30. 1 

45. 1 
45. 9 


Olohc - 

37. 9 


.rerst'V Queen . 

45. 0 

0) 



45. 7 

51.7 

62.4 

All ih'ad Early 

46. 1 
48. 8 


Charlfston Wakoficld __ 

53. 7 


Buiriu'r . . 

i*orin State Ballhead 

48. 8 

52. 1 

53. 7 

64. 2 

65. 0 

ATarioii AlarUd,. . 

51. 2 

57. 1 

Early Round Dutch 

52. 2 

58. 0 


Copcuiliao'eri .M arket . . 

52. 7 

(2) 


flold('ri Aon' .. - 

52. 7 

59 . 6 


Alidseason Afarket 

53. 1 


Glor^' of Enkhuizen 

54. 2 

59. 4 


En'iniurri Latf' Elat .1 Hitch 

57. 6 

58. 0 

59. 6 


Ferry’s Hollander __ 

64. 4 

71 2 

Wisconsin E4allhca<l 

59. 2 

64. 1 

oo! 4 

Difference required for significance (19: 1 ) 

3. 7 

3. 8 



* Values are averages of 4 replications of 50 plants each. 2 Harvested. 


Globe were very similar in their reaction. Severe 3 ^ellow mottling, 
leaf distortion, and necrosis were the characteristic s.ymptoms. 

Summer op 1945 

In 1945 it was decided to broaden the scope of the tests by using 
more virus combinations. Sixteen varieties of cabbage were trans- 
planted in paired rows in three randomized replicates. Each replicate 
contained a row of each variety inoculated with a mixture of isolates 
of viruses A and B occurring in the Puget Sound section, one inocu- 
lated with a mixture of viruses A and B isolates from ^^'isconsin, and 
one inoculated with a mixture of the California black ring virus and 
Vi^isconsin virus B. This study was designed to test further varietal 
reactions as well as to differentiate further the virus isolates testecl. 
Each plant w^as placed in one of four severity classes for three differ- 
ent symptom categories designated as stunting and leaf distortion, 
mottling and chlorosis, and necrosis. TI 10 results of this experiment 
are shown in table 7. 

When the s^nnptom types in the three categories were considered 
together no significant differences 5vere found in the severitv of the 
three strains of turnip virus 1. The Auruses had almost identical 
over-all avmage disease-index valuns. Moreover, the varieties had 
somewhat similar positions of relatiAm susceptibility wdth each Arirus, 
although some differences did occur. Furthermore, the A^arieties used 
during the preAuous two seasons again showed approximatelA^ the 
same relative susceptibility. Stein’s Early Flat Dutch, All Head 
Select/ Wisconsin All Seasons, Succession, and Globe showcal the 
least severe symptoms. The other roundheaded Amrieties avih-c inter- 
mediate in susceptibility. ImproAmd Wisconsin Ballhead and Ferry’s 
Hollandei* were the most scA^ereW affected. ImproA^ed W isconsin 
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Table 7.- — Relative susceptihilitj/ of 16 cabbage varieties to Nfosaic rino^es o'heti 

ing and leaf distortion, mottling and chlorosis, and necrosis wen all considered aod 
when necrosis only was considered, 1946 

| \"ah:H‘S are avera.aea of 8 replicates; notes taken SO days after transDlaritins; excepf for values in jiari'iiftn-es, 
which are based on ratings made 120 days after transplant irigl 



i Disease-index value based on 3 

1 symptom categories and the in- 
1 dicated mixture of viruses 

I)i.S‘as<‘-iiid<-\ value oti 

necrosis only and the im 
(iicated mixture (jf virus<‘s 

Variety 

W’isconsiii 

A+B 

AY ash ing - 
ton 
A+B 

1 Black ring 
j and 

Wisconsin 
B 

A\'iscon- 

sin 

A+B 

Whishing- 

tori 

A + B 

Black 
ring ami 
' Wiscon- 
sin B 

Stein’s Early Elat Dutch 

42. 1 

45. S 

44.6 

43. 8 

43. 1 

49. 0 

All Head Select 

43.2 

44. 5 

46. 1 

45. 9 

49. 3 

54. i 

W'isconsiii All Seasons.., 

43.4 

47. 9 

44. 1 

45. 1 

46. 5 

51. 1 

Succession 

46.3 

48. 9 

50. 0 

42, 4 

42.5 

58.3 

Globe.. 

47.4 

49. 1 

51. 3 

52. 0 

57. 1 

61. 7 

Charleston W’akefield „ . 

49. 3 

50. 0 

51. 4 

42.3 

49.5 

54. 3 

Penn State Ballhead . . 

49.9 (71.2) 

45.8 <72.2) 

48. 9 <69.6) 

47. 8 

43. 5 

52. 9 

Bugner 

50.2 (71.8) 

49.4 (64.6) 

45.0 (64.7) 

.54. 2 

40. 9 

48. 5 

Premium Late Flat Dutch 

52. 5 

55. 4 

54. 1 

51.1 

52. 5 

56.8 

Jersey Queen 

52. 7 

52. 9 

54. 1 

51.9 

4.8. 3 

58. 6 

Wischnsin Hollander 

54. 0 m 2) 

49.4 (72.4) 

47.1 (68.7) 

42.4 1 

45.9 

50. S 

Glory of Enkhuizcii 

56. 7 

61. 3 

60, 6 

49.5 i 

50. 6 

58. 0 

Coitenhagim Xlai’ket 

58.4 

55. 6 

55. 4 

54.5 ! 

52.2 

56.7 

Marion Market 

59.2 

53. 5 

58. 2 

55. 5 j 

53. 9 

55. 8 

Improyed Wisconsin Ballhead ^ 

59.8 (75.6) 

55, 7 (73. 7) 

58.1 (78.8) 

44.4 1 

48.7 

49. 5 

Ferry’s Hollander 

71.3 (79.3) 

75.4 (82.0) 

65.3 (80.4) 

60.4 1 

63. 3 

57. 1 

Average.. 

Difference required for signifi- 

52,3 

52. 6 

52. ] 

49.0 j 

49.6 

54.6 

cance (19:1) 

3.S 

4. 1 

5. 2 

8. 5 j 

6.4 

(*Q 


! A dilfereiit and more tolerant selection of ^\’iseonsin BaMhead than that used previously. 
- DitTerences not signiflcanf. 


Ballliead, wliicli is a sel(‘ction from a cross between the original Wis- 
consin B allhead and ’Wisconsin Hollander, exhibited mucli greater 
tolerance than the Wisconsin Ballhead used the previous season. 
Penn State Ballhead, Bugner, and Wisconsin Hollander again showed 
only moderately severe s^miptoms until they had reached maturity, 
when the symptoms became very severe. These varieties apparentl}^ 
have an eaiiy-season tolerance which breaks in late season. 

Wlien necrosis was the only disease criterion the black ring virus 
was markedly more severe than the two isolates of virus A. This is 
indicated by the fact that when necrosis onl}^ was considered, the 
index value of the black ling virus was 4.8 percent more than when all 
three symptom categories ^vere considered, whereas the value of the 
virus A isolates was 6 percent less. Thus, the value of the black ring 
virus was 11 percent greater than that of the virus A isolates. That 
the black ring virus is a more necrotic virus than virus A was reported 
before (4)* The very close agreement of the virus A isolates is inter- 
esting. The identities of these two isolates, as wadi as those of the 
Wisconsin and W'ashington isolates of virus B, have been proved by 
extensive greenhouse tests. W^heii only necrosis w’as considered there 
W'ere significant differences in the varietal reactions wdth the virus A 
isolates but not with the black ring virus. The relative severity of 
necrosis compared with other symptom types on specific varieties wuis 
indicated by the rise or fall in the index value wdieii necrosis was the 
only criterion used. 


28 


Journal of Agricultural Research 


A'c)]. 75, No. 1 


B>' stiKiying the disease-index yalues calculated on the basis of 
iKH-rosis only, it can be seen that greater variation occurred than when 
nil tirr(‘(‘ groups of symptom types were used; the varieties did not 
uc(‘upy the same relative positions. This increased variability is evi- 
ihuuN’d f)v tiic difference in error variances of the two different calcu- 
lations as shown in table S. 


Table 8.' — Error variances for analyses of varietal susceptibility for disease-index 
values based on 3 groups of symvtom types and on necrosis only 


Viruses 

Error variance for analysis 
of— 

3 groups of 
symptom 
types 

Necrosis 

only 

Wisconsin A-f B 

5. 31 

6. 14 

9. 62 

25. 78 
14. 93 
29. 77 

Washinston A4-B^ 

Black riiij? and Wiscoiisin B, 



DISCUSSION 

Only a rough quantitative measurement of the severity of virus 
symptoms can be made by a disease-severity rating system. "However, 
it is believed that sufficient evidence is pi'esented herein to show that 
there are marked differences in the susceptibility of cabbage varieties 
to mosaic viruses. 

The varieties manifesting the most resistance to cabbage mosaic are 
Wisconsin All Seasons, Stein’s Early Flat Dutch, All Head Select, 
Succession, and Globe. All of these except Globe are of the same 
type (flathead, late midseason). ^ The first four named are very similar 
in type and time of maturity; of these Wisconsin All Seasons and All 
Head Select ai-e yellows-resistant. All Head Select is maihedly more 
resistant to mosaic than All Head Early, from which it was derived. 
Moreover, All Head Select resembles Wisconsin All Seasons and Stein’s 
Early Flat Dutch more than it does All Head Earlv. Globe and 
Succession are more susceptible than the others in this group. Globe, 
which is yellows-resistant, is markedly more resistant‘”than Glory of 
Enkhuizen, from which it was derived. All of the varieties in this 
most resistant group characteristically show general chlorosis, vein 
clearing, and slight mottling, and thei*e is no (Extreme leaf distortion 
here as is characteristic of the more susceptible varieties. In general 
the effects of cabbage virus B predominate over those of virus 4 ' 

Early Jersey Wakefield, Charleston Wakefield, Golden Acre Re- 
sistant Detroit, Copenhagen Market, Marion Market, Midseason 
Market, Glory of Enkhuizen, Early Round Dutch, All Head Early, 
and 1 remium Late Flat Dutch occupied an intermediate position of 
siisceptibility Early Jersey Wakefield and Charleston Wakefield 
were usually less susceptible than the others in this group. All round- 
headed varieties tested showed almost identical reactions. No differ- 
ence was noticeable between Resistant Detroit (yellows-resistant) and 
Copenhagen Market (yellows-susceptible). Alf roundheaded varie- 
ties 01 this group showed severe or very severe yellow mottling, severe 
ieat distortion, severe stunting, and necrosis. Early Jersey Wakefield, 
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Chaiiestoii Wakefield^ All Head Early, and Premium L;U(‘ Fla.t Dutch 
sliowed much, more pronoimced effects of Yirus B (‘hearing, vein 

banding, and general chlorosis) than did any otiuu’ varieti<‘s studied . 
These varieties were especially good indicators for this vii-us. 

In the most susceptible group are such varieties as Fei'in' s Hol- 
lander, Wisconsin Ballhead, Improved Wisconsin Btdiliead, Fimn Static 
Ballhead, Wisconsin Hollander, and Bugner. Howevcu-, tlie la-st three 
varieties mentioned were only moderately susceptible through .mid- 
season and showed no worse effects than the roundheads at the tinir^ 
the latter were mature. By the time the ballheads were mat ur(u 
however, they showed very severe symptoms. This would indieate 
that these varieties were more susceptilrle than the rouiulheads be- 
cause of a longer growing period. This is not true, howevei’, of Ferry’s 
Plollander and Wisconsin Ballhead, which were most sc^vc'rely affected 
throughout the season. These two varieties were by far the most 
susceptible ones studied. Improved Wusconsin Ballhead is distinctly 
more resistant than the original Wisconsin Ballhead. Although the 
symptoms on all varieties were the combined effects of viruses A and 
B, those on the ballheads were predominantl}^ those of virus A (coarse 
mottling, leaf distortion, and necrosis). The mottling was yellow 
green instead of yellow as on the joundheaded varieties. 

The relative susceptibility of the various varieties was about the 
same whether the cabbage A strain or cabbage black ring strain of 
turnip virus 1 was combined with the cabbage B strain of cauliflower 
virus 1 to produce the mosaic disease. However, the black ring virus 
produced more necrosis but less mottling and leaf distortion than 
virus A. When the over-all disease severity was considered the two 
viruses were equally severe; when only necrosis was considered, the 
black I'ing vims was the more severe. 

That the vimses causing cabbage mosaic in tire Puget Sound section 
are identical with those occurring in the Midwest rather than with the 
cabbage viruses occurring in California is shown b}^ this investigation 
and b,y extensive greenhouse tests not reported herein. 

SUMMARY 

In a survey of the relative susceptibility of certain cabbage varieties 
to mosaic viruses it was found that the varieties represented a distinct 
gradient but fell roughly into three classes of susceptibility. The 
least susceptible group includes Wisconsin All Seasons, Stein’s Early 
Flat Dutch, All Head Select, Succession, and Globe. The group of 
intermediate susceptibility comprises Golden Acre, Resistant Detroit, 
Copenhagen Market, Marion Market, Midseason Market, Glory of 
Enkhuizen, Early Round Dutch, Early Jersey Wakefield, Charleston 
Wakefield, All Head Early, and Premium Late Flat Dutch. In the 
most susceptible group are Wisconsin Hollander, Bugner, Perm State 
Ballhead, Ferry’s Hollander, Wisconsin Ballhead, and Improved 
Wisconsin Ballhead. The first three listed in this group show only 
moderately severe symptoms until late season, when they break and 
show very severe effects of the disease. When the over-all severity is 
considered the varieties occupy about the same position of relative sus- 
cieptibility whether cabbage virus A or the cabbage black ring virus 
is combined with virus B to produce the mosaic disease. 
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BEET MOSAIC IN THE PACIFIC NORTHWEST 

By Glenn S. Pound - 

Foi*nuM’i.v })a thologist. Division of Fruit und \’i'{/rhifdr Crops iind Dis~ 

cffscs, llurviiu of Plant Industry, Soils, and Agrirultural Fnyinrrriny, Agricul- 
taral fC'srarch Adniinistration, United States Deyartinml of A(jri<‘alture 

INTHODUCTION 

For several years mosaic has been a serious disease of <i’ar(l(‘ii l)eets 
( Beta vulgaris L.) grown for seed in the Puget SoniKi s^Kaion of Wash- 
ington. In 1931 Jones (cS') ® reported the finding of seed fields in 
which 100 percent of the plants were infected. Tlie h;\>tejn of ciiltiire 
used in tlie past few 3^ears has tended to increase the '-evcuat y of niosaic. 
Serious reductions in seed yield have resulted and, in conse(|uence, the 
acreage of garden beets for seed has gradualW declined even though 
prices ha ve risen during the period. Because of wartijiie demands for 
increased seed production a disease-investigation program nnder- 
takeii in this important seed-producing section. This paper is a report 
of a stiid}^ of the occurrence, host range, symptoins, and properties of 
the virus causing mosaic. 

MATERIALS AND METHODS 

Tlie culture of tlie beet mosaic virus tested was obtained in 1913 from 
an infected seed plant of garden beet. Symptoms, host range, and 
properties were studied in a greenhouse which was fumigated fre- 
quently to control insects. Air temperatures were maintained at 60° 
to 70° F. Stock cultures of the virus were cai*ried in plants of mangel 
(Beta vuhfoi p ) growing in insectproof cages. Frequent inoculations 
of healthy })lants were made to provide inoculum for study. Plants 
used in the experiments were grown in greenhouse compost in 4-inch 
clay pots. Mechanical inoculations were made by sprinkling the 
plants with powdered carborundum and then sponging them with small 
bits of absorbent cotton dipjied in sap extract from stock-virus pjlants. 
Insect transmission was carried out by allowing nonviiailiferous aphids 
to feed on diseased plants for 24 to 48 hours and then ti'ansf erring them 
by means of a cameFs-hair brush to a small bit of paper. This papei* 
was then placed on healthy plants to which the apliids moved to feed. 


^ Received for publication September 11, 1946. Cooperative investigation by 
Bureau of Plant Industry, Soils, and Agricultural Engineering and the Wasliing- 
ton Agricultural Experiment Stations at the Vegetable Seed Production Labora- 
tory, Mount Vernon, Wash. Scientific Paper No. 672 of the State College of Wash- 
ington and Washington Agricultural Experiment Stations. 

^ The writer expresses sincere appreciation to Neil Allan MacLean for assisting 
in this study. 

® Italic numbers in parentheses refer to Literature Cited, p. 41. 
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I^ro|jeities of tlie virus were determined according to methods re- 
cently descril)ed {17). In making the host-range study, at least five 
phmth wer(‘. inoculated in each test and an equal number of uninocii- 
lated ]tlants were kept as controls. Most tests were repeated one or 
more times. The presence or absence of the virus in each test was 
eonhnned by mechanical transfer from the host in question to test 
],)lams vhich produced characteristic s^niptoms. 



Figure 1.-— Systemic symptoms produced on leaf of Danisli Sludstrup rnaiigei 
by the beet mosaic virus. Note mottling and chlorotic ringing. 

EXPERIMENTAL RESULTS 

SYMPTOMS AND HOST RANGE 

In the field the s.ymptoms of beet mosaic may assume a multiplicity 
of forms. Mangel, sugar beet {Beta milgark), and chard {B, mil- 
ganis var. eiela L.) characteristically show a conspicuous mottling 
with chlorotic rings and ring spots that become zonate and frequently 
necrotic with age (fig. 1). These ring spots usually consist of yellow 
rings with dark-green centers. On older leaves tlie lesions may 
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develop in a conspicuous pattern of concentric ringing witli reddisli- 
brown pigmentation. On garden beet the symptoms usuallj appear 
as a conspicuous vein clearing followed by numerous small chlorotic 
rings with pigmented centers or as solid cliloi'otic spots witli pig- 
mented peripheries (fig. 2, C). Eing spotting may be entirely 

absent from some plants, a chlorotic mottling being tlie prevalent 
symi^tom. Often young leaves show a conspicuous, irregularly 
etched pattern along the veins (fig. 2, B). The concentric ringing, 
consisting of alternately pigmented and light areas, is very cliarac- 
teristic and may occur with pigmented or liglit centers. Infected 
plants usually develop an excessive amount of antliocyanin pigment 
and are thus easil}^ detected in a field. With age the seed plants may 
develop necrosis, which is followed by severe leaf abscission. Leaves 
of infected plants often become very coriaceous. Stunting and dis- 
tortion of leaves are very pronounced. 



Figubb 2. — Systemic symptoms of beet mosaic on leaves of garden beet: A, 
Chlorotic vein clearing; B, etched pattern along veins; C, pigmented rings 
and ring spots. 


In table 1 are given the symptoms produced on various hosts in 
greenhouse tests. It will be noted that the virus was rather restricted 
in its host range, as in families other than Chenopodiaceae and 
Amaranthaceae it infected only chick^veed, aster, zinnia, shepherds- 
purse, verbena, pansy, lodanthus pinnatifidws (Michx.) Steud., and 
New Zealand spinach among the 68 species inoculated. In nature 
beet mosaic occurs very widely on Amwmnthm retrofiexus L., affect- 
ing a relatively high percentage of the plants in the seed-growing 
section. It also occurs widely on zinnia, usually together with a 
strain of cucumber virus 1 and a strain of turnip virus 1. The beet 
mosaic virus has been isolated frequently from lambsquarters, and 
it commonly inf ects spinach seed plants. It is thought that in addition 
to Beta milgaris^ spinach, zinnia, and Amaranthms are the priiiiary 
natural hosts. It is of interest that this virus was^ infectious to 
shepherds-purse and lodanthus but not to other cruciferous plants 
tested. Hoggan (7) was able to obtain local symptoms on tobacco 
with the sugar-beet mosaic virus by aphid transmission but not by 
mechanical transmission. In the present study aphid transmission 
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to tiiis liost Avas not attempted, but niechanical transmission tests 
were negative. 

Table produced on various species iiioculated mechanically with 

the heet mosaic virus in the greenhouse at 60° to 70° F. 


Family and plant 


AIZOACEAE: 

Tetragonia expan m Murr, 
(New Zealand spinach). 

A M A R A N T H A C E A E : 

Amaranthus retroflexiis L. 
(pigweed) . 

CARAmPHYLLACEAE; 
Stellaria media (L.) OyrilL 
(chick weed). 

CHENOPODTACEAE: 

Afriplex hortensis L. (orach). 


Beta vidgaris L. (garden beet, 
vars. Detroit Dark Red, 
Wonder). 


Beta vulgaris var. cicla L. 
(Swiss chard, var. Lucul- 
lus). 

Beta vulgaris (mangel, vars. 
Danish Sludstrup, Gold- 
en Tankard). 


Local symptoms 


Systemic symptoms 


Beta vulgaris (sugar beet, 
var. Klein Wanzleben). 
Chenopodium album L. 
(lairibsquarters). 


Spinada oleracea L. (spinach, 
vars, Nobel, Viking, Vir- 
ginia, Savoy, Old Domin- 
ion, Bloomsdale, King of 
Denmark, Hollandia, 
Giant Thick-Leaved). 

COMPOSITAE: 

Aster amellus L. (aster) 

Zinnia elegans Jacq. (zimiia, 
var. Lillipiit). 

CRUCIFERAE: 

Capsella bursa-pastor is (L.) 
Medic, (shepherds-purse). 

Joda 71 thus pinnatifidus 
(Michx.) Stead. (Thely- 
podium pinnaiifidum) . 

VERBENACEAE: 

Verbena hybrida Voss (gar- 
den verbena). 

VIOLACEAE: 

Viola tricolor L. var. horten- 
sis DC. (pansy). 


Small, pin-point, necrotic le- None; virus recovered only from inoc- 
sions with conspicuous yel- iilated leaves, 
low halo. 

Small, necrotic lesions in 10 to Conspicuous vein clearing and fine 
14 days. mottling, leaving vounv leaves "se- 

verely stunted and distorted. 

None Small but conspicuous, chlorotic lesions 

with marked leaf distortion; chlorotic 
vein clearing; stunting. 


Numerous, small, chlorotic 
rings, soon becoming tan 
and necrotic (parchment- 
like). 

Few pigmented lesions or 
small, pigmented rings or 
ring spots. 


Scattered, chlorotic lesions, 1 
to 2 mm. in diameter. 

As described for Swiss chard; 
sporadic in occurrence. 


Numerous, distinct, pin-point, 
chlorotic lesions, consisting 
of tan centers surrounded 
by chlorotic halos. 

Numerous, pin-point, chlorotic 
lesions, enlarging slightly 
and becoming golden yel- 
low; sometimes becoming 
necrotic. 


Numerous, small, whitish dots devel- 
oping into a yellow mottling; yellow 
vein clearing; marked curling of leaf 
laminae and petioles; old leaves be- 
coming necrotic and dying. 

Marked chlorotic vein clearing fol- 
lowed by an irregular ring spotting 
and etched pattern; young leaves 
severely stunted and distorted, curl- 
ing along the margins; yellow-green 
mottling and marked reddening de- 
veloping with age; root development 
severely suppressed. 

Conspicuous vein clearing followed by 
chlorotic mottling; marked stunting 
and distortion of leaves. 

Conspicuous vein clearing followed by 
chlorotic mottling; young leaves 
show extensive chlorotic areas at leaf 
anex; marked stunting and distortion 
of young leaves. 

Do. ' 

Fine mottling with marked leaf distor- 
tion; very severe stunting; lethal in 
3 weeks. 

Vein clearing followed by fine yellow 
mottling with severe stunting and 
distortion of young leaves; many 
plants reduced to eonspiciioiis ro- 
sette; lethal to many plants. 


- Fine mottling composed of numerous, 

small, chlorotic dots. 

Alild, ditTu.se, yellow mottling; slight 

stunting and distortion of leaves. 

Small, chlorotic lesions becom- Mild, fine, chlorotic mottling 
mg necrotic and zonate. 

None Alarked chlorotic vein clearing and fine 

mottling. 


None; virus recovered in moderate con- 
centration. 


On spinat^h the beet mosaic virus produced both local and systemic 
symptoms that were easily confused with those produced by turnip 
virus 1 and a strain of cucumber virus 1. Symptoms produced on 
spinach, Amaranthus^ lambsquarters, and New Zealand spinach are 
siiown in ngure 3. 



Figu:'.e 3— Symptoms produced by the beet mosaic virus on selected greeiihouse 
hosts: A, "Systemi(‘ symi>toms on leaf of Amaranthus rf^troffcxus : B, local 
symptoms on the same host; 0, local chlorotic lesions on TaivugonUi expansdy 
/i, local clilorotic lesions on leaf of CheMpoilium alhum; E, systemic symijtoms 
on Spinaeia oleracea, var. Hollandia. 

No infection was obtained on the following species in meclianical 
inoculation tests : 

CAMPANULACEAE : CRUCIFEEAE— Continued 

CampanuU (canterbury- Brassica oleraced. var. pemmifera 

hells). (DC.) Zenker (brussels sprouts, 

CABYOPHYDLACEAE : var. Long Island Mammoth) . 

Dianthus harhatus L. (sweet- Brassica oleracea var. gongylodes 

william). D- (kohlrabi, var. Early White 

COMPOSITAE: Vienna). 

Calendula oMcinalis L. (calendula, Brassica pekmensis (Lour.) Btpr. 

var. Orange King). (Chinese cabbage, var. Wong 

Centaurea nigra 1j. (knax>weed). Bok). 

Centaur ea repens L. (Russian Cheiranthus ciieiri L. (wallflower). 

knapweed). Hesperls matronalis L. (dames 

Clirysantlie/rnum morifolnim Ram. violet). 

(chrysanthemum). Lepidium virgmicum L. (wild pei)- 

Cirsi/um arveiise {Lt.) Scop. (Canada pergrass). 

thistle). Lohularm maritima (L.) Desv. 

Dahlia pmriat^^ (dahlia). (sweet alyssum). 

Seliantfms anmius L. (sunflower). Malcotnia niaritlma (L. ) R. Br. 

Lactuca sativa L. (lettuce, vai*. (Virginian stock). 

Iceberg). Mattliiola incana var. annua (L.) 

Tagetes patula L. (French mari- Voss (annual stock, var. Dwarf 

gold). Large Flowering Ten Weeks). 

CRUCIFEEAE: Neslia paniculaP^^ (L.) Desv. (ball- 

Brassim juneea (L.) Cosson (In- mustard). 

dian mustard). Raphanus sativus L. (radish, var. 

Brassica oleracea var. eapitata L. Early Scarlet Globe). 

(cabbage, var. Jersey Queen). Thlaspi arvense L. (pennycress). 
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C'tTr'T'ia.UTACUOAE; 

i'ucKiilis mtivus L. (cucumber, var. 

Green). 

Cuvurfnfa pepo L. (sugar pumpkin) . 

r)n\SA(U(’EAE: 

Hrdhlom atropurpiirea L. (mourn- 
ing bri(ie). 

LABIATAK : 

Salvia spleiidens Ker. (scarlet 
sage ) . 

LEGUMlxN'OSAE : 

Lathi/rns odoratus L. (sweet pea). 

Lwpinns puhescens Bentli. (lupine). 

Fhaseolus coccineus L. (scarlet 
runner bean), 

PliaseoVus vulgaris L. (bean, var. 
Kentucky Wonder). 

Vigna sinensis (Tamer) Hassk. 
(c'owpea, var. Blackeye). 

PHY T( JLACCACEAE : 

Phytolacca amerlcana L. (poke- 
weed ) . 

POLEMONIACEAE : 

Phlox drumrnondii Hook, (annual 
plilox) . 

POBYGONACEAE : 

Polygonuni hydropiper L. (smart- 
weed). 

Polygonum scandens L. (false 
buckwheat). 

Rum ex occidentals S. Wats. (dock). 


RANUNCULACEAE : 

Delphinium ajacls L. (rocket lark- 
spur ) . 

RESEDACEAE : 

RCrsedu odorata L. (mignonette). 

SOROId lUL ARIACEAB : 

JUgitahs purpurea L. (foxglove). 

SOLANACEAE : 

Atropa heUadonma L. (belladonna). 

Capsicum frutescens var. cerasi- 
forme (Mill.) Bailey (cherry 
pepper, var. Early (California 
Wonder). 

Datura met el L. 

Lycopersicon esculentum, Mill, (to- 
mato, var. Earliana). 

Nicandra pJiy sal odes (L.) Pers. 
( apple-of-Peru ) . 

Ricotiana rustica L, 

Nicotiana tahacum L. (tobacco, var. 
Connecticut Havana 38). 

Ph/y sails pnhcsccns L. (husk to- 
mato). 

Sol an urn integrifoliiini Poir. (Chi- 
nese scarlet eggplant). 

Solanimi melongena L. (eggplant, 
var. Black Beauty). 

Solanum tuherosum L. ([iota to, 
vars- Russet Burbank and Wliite 
Rose) . 

UMBELLIFERAE : 

D rueiis earota L. (carrot, var. Red 
Ck) red C h antenay ) . 


PROPERTIES 

In determining the jchysical properties of the beet mosaic virus, 
Danish Sludstriip mangel was used as the inoculation test plant and 
as the source of inoculum. Mangel rather than garden beet was 
used because of the absence of antliocyanin pigmentation, which is so 
common in the latter. The properties of the virus are given in table 2. 

The inactivation points were dilution tolerance 1 to 2,000, thermal 
inactivation 61° C. for 10 minutes, and aging in vitro 72 hours. These 
agreed very closely with those given by Hoggan (7). In view of 
the properties and symptoms described, there seems no doubt that 
this virus is identical with that described as causing sugar-beet mosaic 
in this country (7, 8, 12 ) . Throughout the studies no evidence of 
variability in the symptoms or host range of this virus was seen. 

Verplancke {16) reported the plwsical properties of the beet mosaic 
virus in Belgium as follows: Thermal inactivation 90° to 95° C. for 
10 minutes, dilution tolerance l Yo 100,000, and aging in vitro at room 
temperature 144 hours. It is obvious that the^ virus used by Ver- 
plancke was not the same as that used in this study or as the one used 
by Hoggan (7). 
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table 2 . — Properties of beet mosaic virns as determined try the number of 
Inoaulated mangel plants that became infected 

[10 plants inoculated in each trial] 


Plants infected with beet mosaic virus 


Type and degree of treatment 

First 

trial 

Second 

trial 

Third 

trial 

Fourth 

trial 

Dilution: 

Number 

Number 

Number 

Number 

0. 

10 

10 

10 

10 

1-10 

9 

9 

10 

4 

1-100 

3 

2 

4 

3 

1-500 - 

1 

T 

1 

0 

1-1,000,-- 

1 

1 

0 

0 

1-2,000 

0 

0 

0 

0 

Aging in vitro (hours at 20° C.): 





0 

10 

10 

5 

10 

24..-. : 

2 

2 

3 

5 

48 

0 

0 

0 

3 

72. 

0 

0 

0 

0 

Heating for 10 minutes (°C.): 





0 .... 

10 

10 

10 

10 

50.. - 

10 

8 

9 

8 

51- 

8 

9 

8 

8 

52 

10 

10 

9 

8 

53 - - 

8 

S 

8 

3 

54... 

8 

10 

7 

5 

55 

9 

10 

3 

5 

56 

2 

7 

2 

2 

57 

3 

6 

2 

2 

58 - 

5 

4 

1 

0 

59 

0 

1 

0 

1 

60 

0 

0 

1 

0 

61 - 

0 

0 

6 

0 


TRANSMISSION 


The virus was readily transmissible by mechanical means with or 
without powdered carborundum as an abrasive. Hoggan (7) and 
Eawlins and Tompkins (11) also were able to transmit by mechanical 
means the virus of sugar-beet mosaic occuiTing in this country. Earlier 
Eobbins (1^) and Jones (8) had reported negative results in me- 
chanical transmission tests. It seems probable that techniques used 
rather than variability in the virus explain the differences in results 
obtained in mechanical transmission tests. 

No evidence was found that would indicate any reduction in activity 
of the virus in sap obtained by macerating spinach or beet tissue as 
has been reported for other viruses affecting these hosts (^) . 

Transmission w-as readily obtained with the black bean aphid (Aphis 
fabae Scop.). It is a common occurrence for this aphid to develop 
abundantly in beet seed fields and on wdld chenopodiaceous hosts dur- 
ing midsummer and to migrate thence into young steckling beds. It 
is thought that this aphid is the primary vector among chenopodia- 
ceous hosts. The green peach aphid (Myzus persicae (Sulz.) ) was also 
found to be a vector, and it is probable that spread to nonciienopodia- 
ceous hosts occurs bv this vector. Transmission wtis also obtained by 
the cabbage aphid (Brevicoryne brassicae (L. ) ) ; but since it is difficult 
to obtain colonization of this aphid on beet and spinach, it is thought 
that this aphid is not a common vector. 
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In 194?> a large sample of garden beet seed (var. Asgrow Wonder) 
was collected from plants known to be infected with the mosaic virus. 
Over 0,000 seedlings were grown from this seed in steam-sterilized 
soil, aiul after 4 weeks’ growth no evidence of mosaic infection was 
found. The virus was isolated, ho'wever, fi'om semimature seed by 
macei-ating the seed in a small amount of water and inoculating 
healthy plants. Similar tests with well-matured seed were negative. 

Workers with the sugar-beet mosaic virus occurring in continental 
Europe and England have reported varying results from mechanical 
and seed transmission tests with the virus. Verplancke (15') was re- 
peatedly successful in mechanically transmitting the virus in Belgium. 
Smith { U ) , in his studies of the virus in England, obtained mechanical 
transmission from beet to beet and from beet to lambsquarters. 
Boning (1 ) , Boning and Schaffnit (^) , and Schmidt (IS ) , on the other 
hand, were unable to transmit mechanically the virus causing mosaic 
in Germany. Ducoinet (i) reported positive results from seed trans- 
mission tests, and Verplancke (15) was able to show 7.1 percent trans- 
mis.sion in seed from mosaic-infected plants. Gram {&), however, 
reported that transmission through seed had not been observed in 
Denmark. Smith (Ij) stated that there was no evidence that more 
than one virus was involved in the nuxsaic in these areas. 

CONTROL 


The method that has been followed in the Puget Sound section 
for the production of beet seed has been ideal for a continuous per- 
petuation of mosaic. Steckling beds have been planted indiscrim- 
inately in relation to maturing seed fields and have often been adjacent 
to thein. Tliere is an overlapping period of almost 3 months from the 
time of sowing seed to harvesting seed fields.-*^ Aphid migration from 
seed fields to steckling beds during this period has resulted in. very 
widespread infection of seedling plants. Infection of as high as 
100 percent of the plants has been the rule rather than the exception. 
This condition is identical with that for mosaic of seed plants of cab- 
bage in the Puget Sound section (10) . In 1931 Jones (8) pointed out 
the fallacy of such cultural practices in production of beet seed. 

Eecommendations to locate steckling beds in areas isolated from 
diseased fields have resulted in fair to good control of beet mosaic, 
but the results have been much less satisfactory than those reported 
for cabbage mosaic (10). In table 3 are given the results obtained in 
1944-45, Very similar results were obtained in 1943-44. These data 
show that, even though the isolation of steckling beds used during these 
two seasons did not completely prevent the disease, practical control 
was obtained. 


* Seed is sown in steckling beds during June. In late fall tbe roots are taken 
up and placed in pit storage for the winter. The following April they are 
transplanted to seed ro-ws, and during Augnst and September seed is harvested. 
Although secondary infections occur after transplanting in the spring, the 
disease initiated at this time is much less serious than that initiated during 
the seedling .stage. 
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Table 3. — Effect of isolation of steckling beds on amount of ioosair on plants 
in seed fields of (jar den beet, niawjeU and chard, 

(Each value based on sample of 600 plants] 


Degree of isolation of steckling beds and crop 


Excellent (more than 5 miles): 

Mangel 

Chard 

Garden beet 

Do 

Mangel - 

Do 

Garden beet 

Do 

MangeL-- 

Do 

Poor (less than 1 mile) : 

Mangel 

Do 

Garden beet 

Chard 

Mangel 

Do 

Very poor (less than H mile); 

Chard 

Garden beet 

Do 

Mangel - 

Do.. 

Do-.- 


Field No, 

Vhnit< 

inlVctcM 

1 

Per a- Ilf 

,1 

1 2 

1 

3 

3 

4 

5 

5 

5 

6 

6 

7 

14 

8 

21 

I 9 

21 

1 10 

26 

2 11 

18 

2 12 

45 

13 

55 

14 

58 

15 

98 

16 

99 

17 

60 

18 

94 

19 

97 

20 

98 

21 

100 

22 

100 


1 Fields 2, 9, and 10 were from beds at the same location. Note that chard which was seeded much later 
than mangel had much less infection. 

2 Fields 11 and 12 came from 2 beds side by side, but the bed for field 12 was seeded 2 weeks earlier than 
that for field 11. 

Four of the fields (7, 8, 9, aud 10) were in the same location more 
than 20 miles from the neaiTst known beet seed field. The moderate 
infection found seems to indicate rather widespread occurrence of the 
virus among wild host plants or a wide range of dissemination of the 
aphid vector. Efforts to find wild host plants infected with the beet 
virus in this section, however, \vere unsuccessful. Cabbage plants 
grown in the same location and liaving the same degree of isolation 
from cabbage seed fields escaped infection with cabbage mosaic almost 
entirely. Fields 1, 3, 5, and 6, which had the same degree of isola- 
tion from the seed-growing section but in different directions, were 
much less infected. 

DISCUSSION 

The mosaic of beet described in this paper is the most important 
disease of beet seed crops in the Puget Sound section. It has also been 
reported as severe in the Sacramento Valley of California,^ and the 
writer has seen it in seed crops in the Willamette Valley of Oregon. 
Brewbaker (S) and Gaskill {S) showed losses of seed yields of sugar 
beet due to mosaic in Colorado and Idaho up to 31.3 percent and 39 
percent, respectively. Tlie writer is of the opinion that losses in seed 
crops of the garden beet in the Puget Sound section often run well 
over 50 percent. Many seed plants are so severely stunted by the 
disease that yields are" very low. Observations lead the writer to 
believe that reductions in seed yields are much greater for garden 
beet than for mangel, sugar beet, or chard. Symptoms produced in 


® Barnett, H. L. vegetabi^e diseases in California. IT. S. Bur. Plant Indus., 
Soils, and Agr. Engin., Plant Dis. Rptr. 28 : 447-419. 1944. [Processed.] (See 

p. 447.) 
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tile greeiilionse on the last three hosts are also less severe than those 
on garden beet. 

it is notable that the beet mosaic virus has a restricted host range 
except in the Chenopodiaceae, and occurs widely in nature on only a 
few wild hosts. It has been found to infect commonly zinnia and less 
commonly spinach, together wnth a strain of turnip virus 1 and a 
strain of cucumber virus 1. In the field, each of these three viruses 
produces symptoms on spinach that may easily be confused with those 
of each of the others. 

The biennial nature of beet necessitates certain cultural practices 
if virus maladies are to be avoided in seed crops. Either the aphid 
vectors must be controlled during the overlapping period of the two 
seasons or steckling plants must be grown in sections free of virulif- 
erous aphids. The cool prevailing temperatures of the Puget Sound 
section make it difficult to control aphid vectors sufficiently to prevent 
widespread virus infection. Consequently, it has been necessary to 
avoid the period during wdiich viruliferous aphids are extremely 
inigratory by growing steckling beds in sections isolated from seed 
fields. This practice, however, has not completely prevented the dis- 
ease even though practical control has been obtained. Certain sec- 
tions, even though excellently isolated, have been only moderately free 
of mosaic. 

The symptoms, host range, and properties described for this virus 
indicate that it is the same virus that has been described as causing 
sugar-beet mosaic in this country (o, 7, 8^ 12). No differences could 
be seen in parallel inoculations wnth the Puget Sound virus and an 
isolate of beet mosaic virus from the Sacramento Valley of California. 
Properties and symptoms of the virus of sugar-beet mosaic in Idaho 
and California clescribed by Hoggan (7) are almost identical with 
those given herein. 

Therbeet mosaic in Europe (7, 2, 4, d, 18^ H, 15^ 16) is thought to 
be caused by a virus distinctly different from that reported in this 
paper. The EiU’opean virus lias a much wider host range {15) than 
that of the beet mosaic virus described herein and distinctly different 
|)hysical properties {16). 

SUMMARY 

A mosaic seriously affecting the beet seed crops in the Pacific North- 
west is caused by a virus thought to be identical with the virus of 
sugar-beet mosaic previously reported from this country but different 
from the virus reported as causing beet mosaic in Europe. 

The beet mosaic virus was found to infect all chenopodiaceous plants 
tested by mechanical inoculation. Of the species tested in other 
families the virus infected only Verhena hybrida. Viola tricolor., 
Stellaria media., Tetragonia expansa^ Aster amelhcs.^ Zinnia elegans, 
AmwrantliMS retroflexus^ Gapsella hursa-pastoris, and lodmitJms 
pinnatifidus. The first 2 of these hosts were symptomless carriers. 
Over 50 species in 16 different families did not become infected upon 
mechanical inoculation. Beta mdgaris^ Spinaem oleracea., Zinnia 
elegans, and Amaranthm retrofiexus are considered to be the primary 
natural hosts. 

Two insects, the black bean aphid and the green peach aphid, found 
commonly in beet fields in the Puget Sound section, are vectors. 
Transmission was also obtained with the cabbage aphid, but it is not 
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tlioxiglit that this insect is a common vector. Tlie vims is also retidily 
transmitted by mechanical means. It was recovered i’roiii seini- 
mature but not from mature seed. Evidence presented indicates that 
it is not seed-borne. 

A study of the physical properties of the virus sliowed it to be in- 
activated when aged in vitro for 72 hours at 20® C., when diluted 1 to 
B.OOO, and when heated for 10 minutes at 61®. 

Practical control of the disease was obtained in the Puget Sound 
section by growing steckling beds in sections well isolated from 
diseased seed fields. 
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THE HEMICELLULOSES OF MAIZE COBS AND EYE 

STEAW ^ 


By Emmett Bennett 

Assistant research professor of chemistry, Massachusetts Agricultural 
Experiment Station 

INTRODUCTION 

The carbohydrates of the cereal straws and products represent c; 
type of raw material that can be obtained in large amounts and thai:,; 
might be of great commercial value. Of these carbohydrates the most 
important are hemicelluloses and cellulose. The term 'diemicellulose’''' 
includes polyoses, pol 3 mronides, and cellulosans. Their chemical re- 
lationship to other constituents in the plant is not known definitely 
nor is the nature of their origin. 

This report presents the results of a partial qualitative stud}^ of the 
sugars in the hemicelluloses of maize cobs and rye straw as well as a 
determination of their chain length and number of functional groups. 

REVIEW OF THE LITERATURE 

111 1930, Preece (IS)- fractionated the hemicelluloses of maize 
cobs into four groups. The products of hydrolysis consisted princi- 
pally of xylose, a methyl pentose, arabinose, and a uronic acid. One 
fraction coi*responded to the formula 

(C5HSO4) , 3 * (CeH.oO.) 3* (CeHsO.) , 

with a molecular weight of approximately 6,466. In 1936, Angell and 
Norris {^) found that the maximum yield of fraction A from this 
source depended upon the pH at wdiich the precipitation was brought 
about; the isoelectric zone was found to be pH 4.0-4.1. These authors 
were unable to confirm the presence of the methyl pentose. 

The hemicellulose of rye straw have been less well studied. Nor- 
man (iS) indicates that they contain at least two fractions, A and B ; 
the nature of the sugars present was not determined. Fraction A 
contained 5 percent of uronic acids, 60 percent of an anhydropentose,, 
and 35 percent of an anhydrohexose ; fraction B was made up of 29 
percent of uronic anhydrides, 60 percent of anhydropentose, and 11 
percent of anhydrohexose. 

1 Received for publication January 19, 1946. Contribution No. 582 of the Massachusetts 
Ajjricnltural Experiment Station. 

- Italic numbers in parentheses refer to Literature Cited, i). 46. 
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EXPERIMENTAL METHODS 

Whifo maize eol)s and rye stniw were both grown on college land 
which con.sisted of Merrimac fine sandy loam, llie materials were 
oTo.in.l to ])ass a 1-mm. sieve, and were freed of contammatmg sub- 
stai!C(‘.s in tlie manner nsnally employed in such studies. , 

The. bemicelluloses were removed from the prepared matermi by 
ext rad ions witli 4-percent sodium hydroxide. Four 22-honr extrac- 
t ions were made in the cold ; a final extraction was made for 6 hours in 
a bath of boiling water. The extracts were mixed and the hemicellu- 
loses precipitated completely by means of acetic acid and 9o-peicent 
silcoliol, due attention being paid to the isoelectric points. No attempts 
were made to fi-actionate the precipitate. On the extracted basis, the 
■ yield was about 33 and 18 percent respectively. Purification was 
effected by the metliod of Anderson et al. (i) and by electrodialjTis. 
T1 i 6 sodiuni sulfit6 test iiidiccitecl tlie presence of a ti^ace oi ligiiiii attei 

purification. . . . 

The methods employed for characterization were tlmse cited pre- 
viously {3) and those" now to be described. The iodine ancl alkali 
numbers and Ec„ values were detennined by the methods of Klme 
and Acree {10), Schoch and Jensen {llf), and Farley and Hixon (d) 
respectively. The iodine number, defined as the number of cubic 
centimeters of 0.1 N iodine in alkaline solution which will react with 
1 gm. of carbohydrate material, is a measure of the aldehyde group 
( . On the assumption that the aldehyde group is a terminal unit, 
the molecular weight of the carbohydrate may be calculated by the use 
of equation 

ECHO + 12 + SNaOH^ECOON a + 2N al + 2H2O ( 1 ) 

By inspection it may be seen that 20,000 cc. of 0.1 N iodine wp be 
necessary to oxidize the aldehyde group of 1 gm. molecular weight of 
the polysaccharide to the carboxyl group. Hence, the average molecu- 
liir wciglit of heterogeneous polysaccharide may be calculated fiom 
the formula 

20,000/iodine number= molecular weight (A) 

In a manner similar to that described above, the Ecu number may also 
be used to estimate the molecular wmight (7). The values obtained, 
however, are extremely low because the reaction does not appear to be 
stoichiometric. A calculation by formula B {11) is a more suitable 
procedure. 

132 X Ecu (xylose) /Ecu (hemicellulose) = molecular weight (B) 

Analytical data not included here seem to indicate that the Ecu for 
xylose is approximately 2,247. 

Acetylations were conducted according to the method of Haworth 
and coworkers {&). In order to obtain a successful acetylation of 
bemicelluloses from rye straw, it was necessary to hydrate the material 
and then to dehydrate it without allowing it to become dry. Acetyl 
values were determined by the procedure of Bryant and Smith (5) . 

Specific rotations were calculated from data obtained from a 
Schmidt and Haensch saccharimeter. 

Hydrolyses were effected by a 4-percent solution of sulfuric_ acid 
during about 4 hours’ time in a boiling water bath. The ratio of 
sample to acid was 1 to 50. 
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ANALYTICAL BATA 


A resume of tlie data obtained is given in table 1 . Fernieiitatioii 
tests on the hydrolytic products indicated the presence of a very small 
amount of hexose sugars. Gas was not produced iinlil after 0 hours 
of incubation; no gas whatever was produced in the iilauks for the 
same period of time. The saccharic and niucic acid te\st, were not 
wholly conclusive. Mannose was not present. By means of benzyl- 
pheiiylhydrazine, ^-arabinose was found in the liemi cellulose from 
maize cobs, but not in tliat of rye straw. The presence of xylose was 
established by the xylonobromicle test. 

Table 1. — A partial chemical analysis of hemlceUiiloses from maize cohs and eye, 
straw on an ash- and 'moisture-free hasis 


Determination 


Hexose 

Uronic acid anhydride 

Anhydroxylose 

Arabinose 

Alkali number 

Iodine number 

Molecular weight. 

Ecu value (milligrams of copper per gram of polysaccharide) 

Molecular weight (from formula B).. 

Molar ratio of uronic acid anhydride to anhydroxylose.. 

Molecular weight 

Specific rotation [a] 

Before hydrolysis 

After h ydrolysis 

Acetyl value: 

Calculated (for xylan diacetate, C 9 H 12 O 0 ) 

Found 


Hemicellulose 


Mai7x* cobs 


Rye straw 


Trace 


Trace 


.percent.. 

percent-. 


3. 75 
81. 2 
Trace 
11.98 
3. 43 
5, 831 
73. 00 
4, 063 
1:29 
4, 004 


3. 67 
85. 8 

Not detected 
11. 78 
1. 14 
17,543 
50. 00 
5, 932 
1:31 
4, 268 


.degrees.. —93.8 

. degrees +35.1 


-94. 2 
+27.5 


.percent.. 39.8 

percent... 40.2 


39.8 

39.7 


The residue after hydrolysis amounted to 2.5 and 0.7 percent re- 
spectively for maize cobs and rye straw. Only a trace of furfural was 
detected in the residue from the maize cobs. It need not necessarily 
be assumed that the reacting compound came from the sugars of 
unhydrolyzed hemicellulose. Preliminary tests on the rate and pro- 
cedure of the hydrolysis indicated that a maximum of reducing power 
was obtained in 4 hours. The initial slope of the curves was similar to 
that obtained from starch when treated in the same way. The posi- 
tive optical rotation of the hydrolyzed hemicellulose and the strong 
negative rotation prior to hydrolysis, together with the rate of hy- 
drolj^sis, strongly suggest that a beta linkage is present and that a 
pyranoside structure is predominant. Haworth and coworkers (8) 
found that xylan from esparto cellulose of different origin contains 
xylopyranose residues and a constant proportion of combined Z-arabin- 
ose in the f iiranose form. 

It should be emphasized that the preparations used for the analyses 
were considered to be heterogeneous ; hence the molecular weights re- 
ported represent the average or the mean of the different fractions. 
As indicated by the iodine number and the Ecu values, the average 
molecular weights differ considerably. These variations for either 
product are due in part to differences in the sensitivity of the methods. 
The iodine method is believed to yield fairly accurate data for sub- 
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coiiiposed of relatively , short chains {10) . Ihe values obtained 
by (liis method for rye straw hemieelluloses, however, appear to be 

loo hinh. 1 i’ j! • ■ 1 

I’lic mol(‘Cidar weights determined from tlie ratio or uronic acitl 

anhydride to aidivdroxvlose are in fair agreement with those obtained 
froi'n foiimihi B, and pWibably represent the more reliable data. Tlie 
ratios refer to a, chain consisting of 29 and ol anhydroxylose units 
I'cspecrively, each having a hexuronic acid anhydride terminal unit. 
On (his bases the molecular weights are approximately 4,004 and 
4,2()fS I’cspectively for the 30 and 32 unit chains. _ The hexose and 
andiinose are constituents of a chain, but their position and amount 
are not known; hence they have not been considered in these calcula- 
tions. Anhydroxylose and a hexuronic acid anhydride appear to 
account for ajiproxiniately 85 and 90 percent of the hemieelluloses of 
maize cobs and rye straw respectively. 

Idle two hemicel lid OSes are similar to each other and to commercial 
cornstarcli in their degree of alkali liability. 

Tlie carbon and hydrogen content of the acetate of maize-cob hemi- 
cellulose ivas 49.5 and 5.9 percent respectively. The theoretical per- 
centage content of carbon and hydrogen in xylan diacetate, CuHj^Oa, 
is 49.98 ami 5.60 respectively. 

The data jiresented strongly suggests that the hemieelluloses of 
maize cobs have a beta linkage’and have the pyranose structure. The 
hemicellulose appears to consist of 81.2 percent of anhydroxylose, 3.75 
percent of uronic acid anhydride, and a trace of both a hexose and 
arabinose. The hemicellulose of rye straw appears to possess the same 
type of linkage and structure and to consist of 85.8 percent of anhy- 
droxylose, 3.67 percent uronic acid anhydride, and a trace of hexose ; 
arabinose was not detected. 


SUMMARY 

The total hemieelluloses of maize cobs and rye straw were isolated 
and purified. Data for both strongly suggest that the beta linkage is 
present and that the pyranose structure is predominant. Determina- 
tions of the average molecular weights of the hemieelluloses by reduc- 
ing methods anerby calculations based on the ratio of uronic acid 
anhydride to anhydroxylose indicate a considerable variation, but the 
most probable values are believed to be between four and six thousand. 
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STORAGE OF COTTONSEED AND PEANUTS UNDER 
CONDITIONS WHICH MINIMIZE CHANGES IN CHEMI- 
CAL COMPOSITION ‘ 

By ATack' F. STANSBURiy assistant chemist, and John D. Guthhik. senior rhmusi, 

, Southern Regional Research Laboratorg, Bureau of Agricullffrui (uui I mi us! rial 
Chernistrg, Agricidtural Research Administration, United Stairs Dt pari numt 
of Agrirulf/ure ^ 

INTRODUCTION 

In the investigation of the chemical compositioi] of cotloiisiH^d mu! 
peaniitSj a method of storage which holds changes in eluMiiiual 
position to a ininiiriiim is needed whenever samf)!(‘s ai*e coilcHdiHl in 
coiisid(H'ai)l(‘ miinbers and all cannot be worked on al iho sane* tiisKu 
Such a method of storage would also make it possible to koo\) at liana a 
collection of typical samples needed for investigativ(‘ work extianding 
over a considerable period of time. The chief object of tb(‘ present 
investigation was to find a satisfactor}^ method for storing f*oUons<H‘d 
samples for at least a year without appreciable change in clieinica! 
composition. From a consideration of reports in the lit (‘rat lire (k)d’ 
it would seem that the storage of peanuts does not pr(‘S(‘nt as diiheiilt 
a problem as cottonseed storage. Nevertheless, a hwv sangih's of 
peanuts were included in the storage experiments. 

Most seeds retain their viability best vvhen kept dr\^ aiid ai low 
temperatures (3, 5). Simpson {10, 11) found this to l)(‘ tna* for cotton- 
seed. He also showed that little or no increase in fre(‘ fatly acids 
occurred when cottonseed with a moisture content of ](‘ss than 9 p(‘r- 
cent was stored for 2 years at 2H C. When cottonseed samples wovo 
stored at little or no incianise in the free fatty a(dil coidmit took 
place even at a nichsture content of 14 percent. With iho litiaaiturc^ 
on seed viability and Simpson's experiments on cottonseed as a guidiy 
it seemed likely that a satisfactory method for the slorag(‘ of cotton- 
seed would be to dry the samples to a moisture conltmt of S f)(‘i‘C(‘nt 
or less and store at a temperature of H or below, liowc'vei*, tii(‘ 
possibility that storage at a moisture content of 8 poirant or loss at 
room temperature (25°~-28°) might prevent any appreciable change 
in chemical composition made it advisable to include this method of 
storage as well. 

^ Received for publication July 11, 1945. 

2 The authors wish to thank H. W. Barre and D. M. Simpson of the Bureau 
of Plant Industry, Soils, and Agricultural Engineering, U. S. Departnient of 
Agriculture, for supplying the cottonseed, and B. B. Higgins, of the Georgia 
Agricultural Experiment Station, for supplying the peanuts. The authors are 
also indebted to Walter A. Pons, Jr., Addabelle Orr, Richard H. Robinson, Alva 
Faust, and Dorothy H. Petty for aid in making some of the chemical analyses. 

3 Italic numbers in parentheses refer to Literature Cited, p. 61. 
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SOURCES OF SAMPLES 

Thp cottonseed samples were obtained froni the field deterioration 
studies of the Bureau of Plant Industry, bods, and Agricultuial 
Fmdneeiino- These samples included successi.^ pickmp from six 
vaSies 5own at six locations in the Cotton Belt m 1941 and^ seven 

• j f vviTi o ciirYiiloT* pxDprirncnt in 1942. A. lew biiiiipl6S fiom tlic 
ofLXL of B»t Industry. Soils, and 
\m-icultural Enmneerina: were used in some ol the experments. 

four samples'’ S peanuts were obtained from the Georgia Agri- 
cultural Experiment Station. 

METHOD OF STORAGE 

Most of the cottonseed samples had a moisture content of between 
7 and 8 percent at the beginning of the experiment. A lew samples 
wwn fOTitained more than 8.3 percent moisture were dried before 
rtoiie by placiiig them in a closed 30° C. forced-draft circulatory 
ovenlontaimng astray of anhydrous calcium 
ture content of the seeds reached about / percent. The 
were mixed thoroughlv, divided into four eriual portions, and each 
portion was placedin'a sealed container. One-gallon tm cans were 
used for the larger samples. These were sealed with paialfin. Mason 
iars were used lor the smaller samples. One part of the sample was 
inalyzed, and the other three parts were stored at room temperature, 
in commercial cold storage at 1 , and at 18 G. 

The samples of unsheUed peanuts were stored, m closed, but un- 
sealed, metal cans at room temperature, at 1 , and at is G. 

METHODS OF ANALYSIS 

Moisture, total nitrogen, oil, iodine number of the oil, and free 
fatty acid content of the oil were determined by the methods ot the 
American Oil Chemists’ Society {!). The method ot Greenbank and 
Holm (6) was used for the determination ot the peroxide numbei of 
the oil. Other methods are described in the iollowing paragiaphs. 

FREE FATTY ACIDS IN THE OIL 

Some of the cottonseed samples were too small for free fatty acid 
determinations by the method of the American Oil Chemists Society. 
For these samples the following method, developed by Carroll E. 
Hoffpauir of this laboratory, was used: , . , , . 

Duplicate 2-gm. samples of kernels were obtained by removing the 
hulls The kernels were cut fine or crimped and shaken with 100 ml 
of Skellysolve F for 2 hours on a mechanical shaker. The extracted 
oil was obtained by evaporation on the steam bath of 50y-ml. portions 
of the extract filtered into tared 100-ml. oil-extraction flpks Alter 
the weight of the oil was determined, it was dissolved in 10 ml. of 
Skellysolve F and 25 ml. of redistilled 95-percent ethyl alcohol. 
About 5 drops of 0.05-percent m-cresol purple indicator were added, 

* The possibility that drving in this way might affect the seeds adveraelj 
was checked by the determination of catalase activity before and after drying 
No appreciable change in catalase activity was found. 
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and t.h(‘ solution was litrated with 0.01 N alcohoiir XaOlf until a 
purple color appiaired. A stream of C02-free air was huhhhal t iirou.a'li 
the solution dinhig- the titration. Blanks were run on tlH‘ I'eageiits 
and CO rrec tions ni arl e . 

REDUCING SUGARS 

iipproximately 100 g*m. of cottonseed were dried for 30 minutf's at 
100*^ to 105° C., cooled, and dehiilled in a Bauer mill. Tlu' kna’mds 
W(‘re st‘parated by screening and ground to a firu' nnad through the 
Bauer tnill. Approximately 40 gm. of the ground k^uands wove \v(‘iglHal 
into (extraction thiinbl(3s and e.xtracted in a Soxhhd apparatus with 
wSkellysolve F for 8 hours to remove most of the oil. Ttu' malmaal 
was then extracted for 20 hours with 70-pereent ethyl ah'ohol The 
alcohol was removed from the extracts by heating on the steam })ath 
with frequent addition of water, and the extracts were transf(u*r(‘d to 
500-ml. volumetric flasks, leaded, made to volume, and d (‘hauled in 
tlie custoinary inaiiner. Reducing sugars were determiiu'd on 5()-mL 
aliquots by pi'ecipitating cuprous oxide according to the' Munson- 
Walker geiu'ral method (£, p. 500), followed b}^ use of the volumetric 
permanganate method of the Association of Official Agriciiltural 
Chemists {2, p, 501-502), Reducing sugars were calculated as 
glucose. 

TOTAL SUGARS 

Aliquots of the deleaded extmets prepared for the rcducing-sugar 
determinations were used for the determination of total sugars, in- 
cliidiiig raffinose. Aliquots of 100 ml. were placed in 250-inl. flasks 
and hydrolyzed by heating under reflux condensers for 2)4 hours on 
the steam bath witli 10 ml. of HCl (sp. gr. 1.125). Tiiis long hydroly- 
sis was necessaiy to insure complete hydrolysis of raffinose. The 
solutions were cooled, neutralized with NaOBf, and made to 250 ml. 
in volumetric flasks. wSugars were determined on 50-mL aliquots in 
the same manner as for reducing sugars, and calculated as invert 
sugar. In some of the total sugar determinations, the 70-percent 
alcoholic extract of oil-free kernels prepared for protein solubility 
determinations was used. 

RAFFINOSE 

Aliquots of the deleaded extracts prepared for the reducing sugar 
determinations were used for the determination of raffinose in the 
presence of sucrose by the double enzymatic hydrolysis method of the 
Association of Official Agricultural Chemists {2, p. 595). Little, if 
any, sucrose was found in the samples of cottonseed kernels analyzed. 
The invertase was prepared from baker’s yeast and the invertase- 
melibiase from brewer’s yeast. Both solutions were concentrated 
by ultrafiltration (2, p. 492). 

CATALASE 

Approximately 8 gm. of cottonseed were obtained by mixing and 
reducing the entire sample. The seeds were split by hand, the kernels 
were remox^ed, chopped fine, mixed thoroughly, and 1 gm. was trans- 
ferred to a Waring blendor. The kernels were ground with 75 to 100 
ml. of water, the sides of the blendor jar being washed down periodi- 
cally with a little water. WTien a uniform suspension was obtained. 
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it was lransf(M*r(‘d to a volumetric flask and made to 200 ml. Catalase 
activilv was determined immediately on 5-mL aliquots, by using a 
modi beat ion by Davis of Appleman's apparatus described in Miller’s 
Hant Physiology (7). Determinations were made at 25"^ C. with 
5 ml. of extracdC 5 ml. of pH 7.1 pliospbate buffer, and 5 ml. of 3- 
perc(‘]it H 0 O 2 neutralized with CaCOs. Volumes of oxygen were 
read at l->,~2-, and 3-minute intervals, but only the 2-miiiute values 
will be reported here. 

PROTEIN SOLUBILITY 

The Skellysolve-F-extracted residues from the free fatty acid deter- 
minations vu 3 re air-dried, ground to pass a 16-mesh screen, and 
extracted with diethyl ether for 36 hours in a Soxhlet extractor. The 
oil-free residue was ground to pass a 60-mesh screen, and hull frag- 
ments were removed by screening. The material was allowed to air- 
eqiiilibrate and the relative protein solubility wms determined by the 
method of Olcott and Fontaine {8 ) . Results were calculated as percent 
of the total nitrogen peptized by 0.5 N NaCl solution. 

EXPERIMENTAL RESULTS 

Approximately 100 samples of cottonseed from the 1941 field dete- 
rioration studies of the Bureau of Plant Industry, Soils, and AgTiciiltu- 
ral Engineering wnn*e stored. The free fatty acid content of the oil was 
determined on all the samples at the time of storage and after storage. 
After the elimination of data on certain samples because of question- 
able accuracy of the original free fatty acid values, as indicated by 
their failure to correlate with germination values supplied with the 
samples, and the elimination of other samples too small to be included 
in all three storage conditions, the samples were grouped according 
to the original free fatty acid values and averages were calculated for 
each storage condition. The summary of these results is given in 
table 1 . A small increase in the free fatty acid content occurred in the 
samples stored at room temperature (25^-28*^), but no increase was 
observed in the samples stored at 1° and at —18° C. The apparent 
decrease in free fatty acids observed in some of the samples stored 
at —18° might not have been a real decrease, but possibly one arising 
from the difficulties inherent in the sampling of cottonseed. This 
conclusion received support from the data obtained in subsequent 
experiments, especially those reported in table 5. 


Table 1. — Free fatty acid content of the oil after storage of cottonseed in sealed 
containers at various temperatures 


Method 

Range of free 
fatty acid con- 
tent of oil 

Samples 

Average free fatty acid content of oil 

Start of test 

18 months 
25° -28° C. 

18 months 
1° C. 

18 months 
—18° C. 

A. 0. C. S 

Do 

Percent 

0.1 to 0.3 

Number 

25 

2 

3 

15 

12 

6 

Percent 
i 0.2 

.5 
19.3 
.2 
1.4 
7.2 

Percent 

0.3 

.8 

22.8 

.3 

2.2 

7.9 

Percent 
0.2 
.5 
18.5 
. 2 
1.3 
5.9 

Percent 
0.2 
.5 
16.7 
. 1 
1.0 

.3 to 2 2 

Do 

2.2 to 30.0 

Micro 

.1 to .3 

Do 

.3 to 2.2 

Do.„- .. 

2.2 to 12.0 
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Five of the larirer samples from the 1941 field deterlorat ion stiidii^s 
were selected to cover the range of free fatty acid eontiaii of Hk* 
entire group of samples. The results of analyses made for fn‘e fatty 
acid content of the oil, iodine number of the oil, lau'oxidi^ number 
of the oil, total nitrogen content of the kernels, and catidase a(‘tivity of 
the kernels are given in tables 2 and 3. The data show a small inci-ease 
in the free fatty acid content of the oil in the sam])h‘s store<l for IS 
months at room temperature, but no increase in lli(‘ samphes stored 
at or —18° C. A small decrease in the iodine numb (a* of the 
oil may have occurred in the samples stored at room (empia-ature, but 
otherwise no appreciable change in iodine number, p(‘roxide number, 
total nitrogen content, or catalase activity took plac’c under any 
of the storage conditions. It is of interest to note that the catalase 
activity of high free fatty acid cottonseed was considerably lower 
than that of low free fatty acid samples. 

Six samples of low and high free fatty acid content from the 1941 
crop were stored at room temperature for 24 months to ascertain 
whether or not any change in sugars would take place. The results 
are shown in table 4. A slight decrease in reducing sugars was observed 
for all samples. Although the data seem to show a small average 
increase in raffinose and a decrease in total sugars upon storage at 
room temp era tui*e, it is probable that such changes are due to errors 
inherent in sampling cottonseed and liydrolyzing sugar extracts and 
do not represent real changes. It is worth noting that the raffinose 
content of the kernels of low free fatty acid seeds was approximately 
8 percent, as compared with 3 percent for high free fatty acid seeds. 

Germination determinations on 10 selected samples stored for 18 
months at room temperature, at 1°, and at —18° C. showed no 
appreciable cliange from the values found before the samples were 
shipped to this laboratory. 

With the results on the 1941 storage experiments to serve as a 
guide, 20 samples were selected from the 1942 crop of the field de- 
terioration studies mentioned above. These included seed samples 
which were high and low in free fatty acids and included 7 varieties 
of cottonseed. The 20 samples, with moisture content between 7.4 
and 8.3 percent, were analyzed for total nitrogen and total oil content 
of the whole seed, and free fatty acid content of the oil. After storage 
for 14 months the samples wei^e analyzed again. The results are 
given in table 5. There was no appreciable cixange in total nitrogen 
or oil content during storage, but a significant increase in the free 
fatty acid content of the oil occuiTed in the samples stored at room 
temperature. No significant change in free fatty acid content of 
the oil was observed in the samples stored at 1° or —18° C. for 14 
months. 

Seven samples of cottonseed selected for high and low free fatty 
acid content were analyzed for total sugars and relative protein 
solubility of oil-free kernels, stored for 14 months at the various 
temperatures, and analyzed again. The results are given in table 6. 
Apparently, a small increase in total sugars and in relative protein 
solubility took place during storage at all temperatures. It is likely, 
however, that this was due to some systematic error of sampling and 
analysis and that a significant increase did not occur. Especially is 
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Table 3 . — Total nitrogen coritent and catalase activity of the kernels after storage of 
cottonseed at various iemperatures 



Total nitrogen (dry basis) 

Catalase (ml 

O 2 in 2 min.) 

Analysis No. 

At start 
of test 

18 

months, 

25°-28° 

C. 

18 

months. 
1° C. 

18 

months, 
-18° C. 

At start 
of test 

IS 

months, 

25°-2S° 

C. 

18 

months. 
1° C. 

18 

months, 
-18° C. 

A867--- 

Percent 
6. 49 

Percent 
6. 58 

Percent 
6. 65 

Percent 

6.68 

12.9 

13.4 

13.3 

12. 1 

A874 

5. 98 

6. 16 

6. 14 

6. 19 

13. 1 

13. 8 

13.0 

11.4 

A924 

5. 02 

4. 98 

5. 12 

5. 14 

10. 5 

11. 0 

11.0 

9.9 

AB202 

6 . 35 

6. 49 

6. 46 

6. 45 

4. 1 

5. 1 

5. 7 

5. 3 

AB203.... 

6. 83 

6. 87 

6.80 

6. SO 

3.4 

4. 0 

3.9 

3.0 


this true of total siigai's deteiminations, where acid hydrolysis of the 
sugar extracts probably gives variable results. Additional data for 
the protein solubility on 5 samples stored 14 months at room tempera- 
ture are given in table 7. An increase in relative protein solubility 
was observed in only 1 of these samples. Very little change was 
found in the protein solubility of the extracted meal after it was stored 
for 14 months. This is in agreement with the results of Olcott and 
Fontaine ( 9 ). The pH values on the NaCl extracts of the meals were 
also observed to be relatively unchanged. 

The results of an experiment in which four samples of unshelled 
peanuts were stored in closed, but unsealed, metal cans at room 
temperature, at 1°, and at -—18° C., for 30 months, are shown in 
tables 8 and 9. A slight increase in the free fatty acid content was 
observed in room-temperature storage, but no increase occurred at 1° 
or at —18°. The increase in free fatty acids was very large for one of 
the samples that molded at room temperature. This sample had 
been analyzed at the end of 6 months^ storage at room temperature 
and was then in good condition. The total nitrogen and oil content 
of the kernels and the iodine number of the oil remained relatively 
constant under all the storage conditions for all the samples except the 
one that molded at room temperature. Slight changes in the moisture 
content of the kernels in this experiment may have been due to the 
fact that the cans were not sealed. In contrast, none of the cotton- 
seed samples, which were stored in cans sealed with paraffin or in 
mason jars, showed any appreciable change in the moisture content 
during storage at the various temperatures. 



Table 5. — Effect of storage of cottonseed at various temperatures on Us chenvical composition 
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Table 7. — Relative protein solubility of the ether-extr acted kernels after storage of 
cottonseed and cottonseed meal at rootn temperature 






Free 

Relative protein solubility J 

Analysis 

No. 

Variety 

Place grown 

Date of pick- 
ing 

fatty 
acid con- 
tent at 
start of 
test 

Start of 
test 

Se(‘d 
stored 14 
mouths 
at 25°- 
28° CL 

Meal 
stored 14 
months 
at 25°- 
28° C. 

AG 269„- ... 

Arkansas Green Lint.- 

Baton Rouge, 

Aug. 28,1942 

i 

Percent 
0. 5 

76 

74 

74 

AG 272- 

Coker 100 (strain 3),.- 

La. 

do 

do 

21.0 

66 

65 

63 

AG 281.,,... 

Stoneville 37. 

--- do.. 

-- -do.. 

19. 9 

68 

64 

65 

AG 316.-- . 

Farm Relief (strain 3). 

Florence, S. C. 

Aug. 20,1942 

22.5 

70 

68 

67 

AG 324 

Seabrook (sea island). . 

do 

Sept. 3,1942 

3.3 

57 

74 

55 


‘ Percentage of total nitrogen peptized by 0.5 N NaCl solution. 


Table 8. — Analyses of the oil in the kernels after storage ^ of unshelled peanuts at 

various temperatures 




Free fatty acid content of oil 

Iodine No. of oil ( Wijs) 

Analysis 

xNo. 

Variety 

At start 
of test j 

30 

months, 

25°-28° 

C. 

30 

months, 
1° C. 

30 

months, 
-18° C. 

At start 

OftC'St : 

30 

montlis, 

25°-28° 

C. 

30 

months, 
1° C. 

30 

months, 
-18° C. 



Percent 

Percent 

Percent 

Percent 





AB 406-., 

Tennessee Red 

0.2 

0. 3 

0.1 

0. 1 

98 

07 

98 

97 

AB 407--. 

Jumbo Virginia 
Runner. 

. 2 

2 14. 2 

.1 

. 1 

87 

86 

1 87 

87 

AB 408. 

Span ish (commer- 
cial strain) . 

.3 

.6 

.2 

. 2 

95 

95 

95 

95 

AB 409..,. 

Spanish (Ga. Agr. 
E.vpt. Sta.). 

. 5 

. 5 

.2 

.5 

96 

96 

96 

95 


1 Stored in closed, but unsealed, metal cans. 

2 This sample molded. 


ABLE 9. Aiialyses of the kernels of unshelled peanuts after storage ^ at various temperatures 
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Oil (dry basis) 

'0 oST- ‘sq:iuoraos 

Percent 

48.7 

50.7 
48.9 
49.1 

*0 oI ‘sinnoui og 

Percent 

48.6 

50.3 

48.9 

49.0 

'0 ‘sqBioinog 

^ 00 M '-1 cc 

g o6 oi C3 
“ rf< rf< 

JO jjirjs )y 

Percent 

48.2 

50. 3 
48.5 
48.5 

Total nitrogen (dry basis) 

*0 oSl- ‘sqjuoinog 

Percent 
5. 83 

5. 11 
5.22 
5. 16 

*0 ot ‘sqjuotu 02 

Percent 
5. 77 

5. 02 
5. 22 
5. 11 

‘ 0 o^Z-o9Z ‘sqiuouiog 

1 25 o ?S 2^ 

JO jJirjs J V 

cA-o 

Moisture 

•Q oSl- ‘sqjnour og 

Percent 
5. 9 
6. 0 
6. (J 
0.1 

*0 oT ‘sq^uom og | 
. 1 

n' X *— 

j 

'OoSZ~o9Z ‘sqniomoc 

^ X X X o 

JO W4S w 

Percent 

4.7 
4.9 
5.0 

4.8 

Variety 

i J|5 

■ C3 S ^ 

'O 

1 S 5 S 
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SUMMARY 

Cottonseed samples may be stored for more than a year without 
appreciable change in total nitrogen, total oil, free fatty acid content, 
iodine, or peroxide number of the oil, or catalase activity of the kernels 
by drying to a moisture content of 8.3 percent or lower, placing in 
sealed containers, and storing at 1 ° C. or below. Under this type of 
storage at room temperature a small increase in the free fatty acid 
content of the oil occurs. Unshelled peanuts may be stored for more 
than 2 years in closed cans at 1° C. or below without appreciable 
change in the total nitrogen or oil content of the kernels, or in free 
fatty acid content or iodine number of the oil. 
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NONPROTEIN AND CAROTENE AS AN INDEX OF 
PLANT ACTIVITY IN RANGE FORAGE ' 

By W. E. Watkins 

Nutrition chemist and associate in animal husbandry, 

New Mexico Agricultural Experiment Station 

INTRODUCTION 

The protein contained in plant tissues is combined in two general 
classifications of compounds; true proteins and nonprotein nitrogenous 
substances of simpler composition such as amides, amino acids, and 
their deriyatives. These nonprotein nitrogen compounds, according 
to Maynard {Sy and. Morrison (4), are abundant when plant growth 
is rapid but are less plentiful at maturity. 

It is also generally agreed, as stated by Maynard , that all green 
parts of growing plants are rich in carotene, while mature plants 
contain much less. Negligible carotene values have been reported 
by Watkins {6) during the periods of dormancy. In experiments 
with rats Smith and Stanley {5) found the early-cut blue grama grass 
to be twice as potent as the mature grass in vitamin A, and 100 times 
as potent as the November cuttmgs. 

It is general!}^ accepted that the percentages of nonprotein nitrogen 
and carotene in plants are higher during growth than during dor- 
mancy, but just how much higher has not been known. In particu- 
lar, there has been very little information coneerning the amount of 
nonprotein nitrogen present in some of the range grasses and browse 
plants during the various stages of growth and maturity. This paper 
reports the results of monthly and regular sampling of various range 
grasses and browse plants of southern New Mexico covering a period 
of 65 months, together with nonprotein nitrogen values for 11 of the 
principal species of grasses and 2 browse plants; carotene values are 
reported for 2 of the principal grasses. 

EXPERIMENTAL PROCEDURE 

The arrangement of the plots and the system of collection of the 
range forages have been reported in detail by Watkins (7). The 
grass was harvested to a height of 2% or 3 inches from the ground 
depending upon the species. The January samples include all growth 
produced since the precedmg January. Likewise the August samples 
include all growth produced since the previous August. The duration 
of this study was 65 months. One portion of the sample was taken 
immediately for carotene analysis while the other portion was placed 
in canvas sacks, weighed, and kept in a drying oven for 7 days at a 


^ Received for publication August 3, 1945. 
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t(‘m]j<‘ratiire of approximately 60° C. It was tlien placed in an un- 
luait(Hi conditioning oven for^niother 7 da^^s, after wliicli it was pul- 
verized in a Wiley'mill and placed in glass-stoppered sample bottles 
for analysis. This plan was rigidly followed for all samples. 

The total nitrogen and the albuminoid nitrogen were determined 
on the various forages by the methods of the Association of Official 
Agricultural Cliemists (i). The nonprotein nitrogen values are the 
total nitrogen less the albuminoid nitrogen. These three different 
nitrogen systems w^ere converted to protein by the use of factors. 
The total nitrogen was changed to crude protein by using the factor 
6.25, and the albuminoid nitrogen was converted to true protein by 
using the same factor. The nonprotein nitrogen was converted to 
nonprotein by using the factor 4.7 as suggested hy Armsby (1 ) . Here- 
after in this'^iDaper the data and discussion will be with the various 
proteins rather than with the various nitrogen systems. 

The carotene was anal^^zed according to the method of the Asso- 
ciation of Official Agricurtural Chemists (0) with slight modifications 
(6). Briefly, the procedure consists of subjecting the pulverized 
sample to saponification in aldeh 3 nle-free alcholic potassium hvdroxidc 
and extracting with peroxide-free etlwl ether. Tiu^ ethei- solution, 
after washing "free from chlorophyllins, flavones, and alkali, is distilh^l 
under reduced pressure, the residue taken up in ])(.‘trol(‘um (dluM' (boil- 
ing point 35°“60° C.), and the xanthophyll removtal b}" v ashing with, 
92-percent methanol. 

The most important range grasses of soutliern New IVlexico, wliich. 
were studied intensivel}^ and sampled monthl.v, are black gi*ama 
(Bouteloua eriopoda) and mesa dropseed (Spcyrobolus flexuo These 
were harvested from plots on the experimental ranch of the X(‘w 
Mexico College of Agriculture and Mechanic Arts, which lies at an 
altitude of approximated 4,200 feet above sea level and has an 
average rainfall of 9.3 inches, of which slight!}^ more than 50 pc^j-ciuit 
usiiallj" occurs in Julj^, August, and. September. This is iioj‘mtdl\^ llu* 
season of comparatively rapid plant giuwtli. 

Vince-mesquite grass (Panicum olttmi/m), alkali sacatou (Sj)<>r(d)i)h/s 
airoides), and side-oats grama {Bouteloua curti]>eiuhil(i ) w(‘i*t‘ luirv('st(‘(l 
and sampled every 60 days, while saltgrass {Dlstichlls sfriefa), bush, 
miihly {Aluhleujbergm chamiza (Afrlplex cauesce/os'K and sand 

sagebrush (Arteraina were harvested and sanqiled overy 0(i 

days. These forages were collected from th(‘ (cx])(^rim(‘ntal randi. 

Kange forages were also collected from ])l()ts m^or EsttiiKda in 
central New Mexico, where the altitude is approximately" lb 140 f(‘<u 
above sea level. Average annual precipitation is about i:i iiiciK^s. 
Alaximum temperatures in this vicinity seldom 98° ni* 99°, 

butmininrum tempen^ 10° to 20° below zei'o are not uncomnam. 

Ihe forages we,re collected four times a yexar from this area and in- 
cluded blue grama {Bouteloua gracilis), slendcj* wluntgi-ass 
paucijtorum) , crested wheatgrass (A. cristatnm), sm{)ol]i l>r(un(‘grass 
(Bromus inerrms), saltgrass, alkali saeaton, ami. chamiza. 

EXPERIMENTAL RESULTS 

Two rang(‘ grasses which were studied rather intiaisix ely W(u-e mesa 
dropsc'cd and black grama. In addition to the monthly har\ esi, oilier 
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samples were secured at various times during the growing season. 
The data for these two grasses, which include average results for 
crude protein, nonprotein, and carotene over a period" of 5% .years, 
are presented in table 1. 


Table 1. — Average monthly crude protein, nonprotein, and carotene values for 
mesa dropseed and black grama over a period of 6S months 


Time collected 

Mesa dropseed 


Black 

grama 


Number 

of 

analyses 

Crude 

protein 

Non- 

protein 

Carotene 

Number 

of 

analyses 

Crude 
protei n 

Non- 

proteiii 

Carotene 





Milli- 




Milli- 



Percent 

Percent 

(/rams • 


Percent 

Percent 

(irarnx > 

J a nil ary 

5 

4.48 

0. 59 

1.3 

.5 

5. 01 

1.01 

23. 6 

February 

5 

4. 40 

.53 

1. 2 

5 

4. 85 

1. 10 

13.3 

March 

5 

3. 86 

.63 

1. 3 

5 

4. 74 

.93 

13. 3 

April. 

5 

3. 82 

.45 

11. 1 

5 

5. 10 

1. 00 

22.7 

M;ay 

5 

5. 59 

1. 10 

23. 0 

5 

5. 16 

1.02 

26. 6 

June 

5 

5. 40 

1.02 

39. 3 

5 

4. 73 

. 95 

40. 1 

July 

5 

6. 93 

1. 06 

61. 2 

5 

7. 05 

1. 17 

44. 7 

Auaust. 

6 

8. 34 

1 . 66 

, 70.6 

6 

0. 85 

1.51 

61.3 

September 

0 

10. 07 

2.23 

60. 1 

6 

8. 73 

1.78 

85. 6 

October 

0 

7. 74 

1.35 

30. 9 

6 

7. 13 

1.43 

60. 7 

November 

6 

5. 94 

.84 

3.7 

6 

5. 5 1 

1.21 

41. 9 

December 

0 

4. 89 

.64 

1. 1 

6 

5. 35 

1.10 

23. 1 

30-day growth 

11 

12.48 

2.61 


11 

10. 10 

2. 24 


15-day growth 

13 

13.04 

2. 53 


11 

11. 20 

2.44 


Beginning of growth. 

5 

11.57 

2. 05 


4 

10. 61 

1. 95 


End of growth. 

3 

8, 36 

1.77 


4 

6. 73 

1.53 












> IvrilligTanis of carotene per kilogram of feed, dry basis. 


The samples designated by ^‘30-day growth” were from the series 
which wei*e collected every 30 days during the growing period; tliose 
designated “15-day growih” were collected every 15 da 3 ^s during the 
g'rowing period. These two series represented material from immature 
but actively growing grass. The “Beginning of gi'owth” samples 
were taken once a j^ear at the beginning of the growing season when 
the grass had attained a height of 5 or 6 inches. The samples col- 
lected at the end of growth w^ere a separate series and were taken as* 
soon as frost occurred. 

A comparison of the nonprotein, crude protein, and carotene con- 
tent of mesa dropseed will indicate at least the general pattern of 
growth habit of this plant. Crude protein values were highest during 
September, which sliows this to be the period of most vigomiis gi*owth. 
If the cai'otene values are considered as an index of plant activity, 
the mesa dropseed was active from Apiil to November. Usually the 
mesa dropseed grass dies virtually to the ground with the advent of 
freezing weather the last of October or the first of November. Mere 
traces of carotene were found in dormant mesa dropseed plants during 
December, January, February, and March. If the noiiprotein values 
are studied during these months when the grass is dormant, it will be 
seen that they^ were rather low, averaging approximately 0.61 percent. 
Values of over 1.00 percent w^ere obtained from May to October 
inclusive. Plants harvested dming the period of most active growth 
had nonprotein values of from 2.05 to 2.61 percent; thus, high non- 
protein values were directly related to vigorous growth. The non- 
protein percentages of the grasses collected eveiy 15 or 30 daj^s during 
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growtli are among the highest values obtained with plants other than 
browse and apparently represent active growth rather than mere 
activity. 

Black grama grows on the mesas, hills, and dry open ground of 
large areas of range land in Texas, New Mexico, Arizona, and soiitliern 
Utah. The upright stems of this grass remain green for a distance of 
4 to 6 inches from their bases throughout the winter. A comparison 
of the crude protein of black grama with that of mesa dropseed in 
table 1 reveals higher values for the mesa dropseed during the growing 
season, but higher values for black grama during the so-called dormant 
season. Carotene is present in black grama throiigimut the year. 
During the usual months of dormancy there are significant amounts 
of carotene that may in many cases provide for the requirements of 
beef cattle during the gestation and lactation periods (6 and 7). 
These winter carotene "values are accompanied by winter plant 
activity. All the average monthly nonprotein values of black grama 
were above or only slightly below 1.00 percent. The analyses of this 
grass revealed 1 1 mstances of low nonprotein values. The average of 
these 11 values was 0.66 percent and may represent the nouprotein 
content of black grama in nearh^ complete dormanc'y. This quantity 
is very similar to that obtained foi- mesa dropseed during its dormant 
period. If this figure of 0.66 percent is subtracted from tlie average 
nonprotein of black grama for each montli, tlie remaining nonprotein 
value seems to accompany certain plant acti\'ity. In black gi’axna 
this plant activity continues throughout tlie year, altliough at a much 
reduced rate. 

The carotene and nonprotein values for the mesa dropseed and 
black grama grasses presented in table 1 agree in showing plant 
activity. When the simple cori'clation was calculated ht'tv'een caro- 
tene and nonproteui, a coefficient of 0.625 percent was obtaimal for 
black grama and 0.48 percent for mesa dropseed (table 2n Tliese 
correlations are highly significant and seem to establish tJu' fact tliat 
nonprotein values as well as carotene may lie used in (estimating jilant 
activity. Although there is a relation l:)etw(‘(m tluese num(u*i<‘al 
values and plant activity, the proportion dot^s not appcair to l)e dir(‘<‘t. 
The nonprotein and carotene data for each of tlu^ two grass(‘s have 
been averaged by months and are presented in figur(‘ 1 for cornparisoii. 


Table 2. — Correlation of nonprotein (x) arid caroiene (y) in black grama and mesa 

dropseed 


Grass 

Number of 
eoinparisons 

Sum of .squares and prudneJs ( 'urn>l:it ion 

_ . .. „ , _ ecfellleirrjf 

S’.r “ 1 Syy .S’g - 

Black grania ^ 

59 

59 

1 

S. 34 ! U1.05 , arotu. 1 o. 

i 22 . 44 1 m i. 30 ■ 7(1. s . 

Mesa dropseed. i 


^Highly significant. 


A number of other grasses and forage plants vm-e studied during 
regular but less frequent intervals. It is obvious tliat. wirli (iO- or 90- 
day sampling, the data are necessarily incomplidtc Howt'vtu*. there 
are observations which are worthy of attmitiou. In studying the 
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Figuke 1. — Average carotene and nonprotein content of mesa dropseed and black 
grama covering 59 months. 

noiiprotein values for various grasses and browse plants, wliich are 
presented in table 3, it will be assumed, as stated earlier in this paper, 
that a noiiprotein value of over 0.66 percent represents an increment 
of plant activity. The value of 0.66 percent seems satisfactory for 
black grama, but may be slightly high for the dormant period of some 
of the other grasses as is indicated by their February and March 
values. Since this seems to be true with this limited amount of data. 
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the iioiiprotein percentages of 0.66 or above readily become significant 
in determining plant activity. Most of the grasses are above 0.66 
percent in nonprotein from Msij to October with the period of most 
active growth occurring within this time. Bush muhly grass is an 
exception and has moderately high nonprotein values which remain 
constant for each sampling time. This grass is siniilai* to black grama 
in that it remains partly green throughout the year. 


Table 3. — Percentage of nonprotein hi various grasses and broivse collected, at 60- or 

90-day intervals 


Grasses 

Num- 
ber of 
anal- 
yses 

Feb- 

ruary 

March 

April 

May 

June 

Au- 

gust 

Sop- 

tein- 

ber 

Oet- 

tober 

No- 

vem- 

ber 

De- 

cem- 

ber 

From the colle.se 


Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

ranch plots in 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

southern N'ew 












Mexico: 













32 

0. 26 




1.02 

1. 49 


1,02 


0. 31 

Alkali sacatoii 

32 

.48 


.68 


. 97 

1. 81 


1. 45 



. 67 

Side-oats gTania 

32 

. 27 


.31 


. 53 

1.35 


. 97 


.23 

Saltgrass 

22 

.50 



2. 10 


1. 03 



1. 11 


Bush iiiuhlv .. 

21 

1.34 



1. 40 


1 . 34 



1.34 ' 


Chamiza. 

22 

2.71 



3. 62 

i 

4.93 



3. 56 ’ 


Sand sa.gebriish 

22 

1.02 



1. 14 1 


2.42 



1.61 ; 


From the .Estancia 












plots in, central 












New Mexico; 












Blue a;rania 

16 


0. 30 



1. 16 


1. 44 



. 41 

Slender wheatgrass. 

16 


.40 



2. 38 


2. 08 



. 63 

Crested wheatrgass 

16 


1. 52 


..... 1 

2. 02 


2. 01 



.73 

Smooth bromegrass 

16 


3. 13 



i 

2. 2»i 

1 

2. 20 

^ _ 



. 86 

Saltgrass- 

16 


. 49 


1 

2. 58 

. . i 

1. 71 

j 


. 65 

Alkali sacaton., — ... 

16 


.50 


! 

3. 02 

I 

2. 29 

\ 


. 78 

Chamiza „ 

15 


3. 05 


, 

4. 51 

! 

3. 33 

\ 


1. 33 






1 








Chamiso, an evergreen browse plant, has a high percentage of non- 
protein. Results from Estancia in central New Aiexico showed tliat 
the percentages of nonprotein for chamiza were lowest in December. 
Since winter temperatures of 10^ to 20*^ below zero are coinmon in this 
area, it is possible that during the winter this plant has much less 
activity in central New JMexico than in the soutliern part of the State. 
Sand sagebrush is another evergreen browse plant with p]*onounc(‘d 
growth during the ginwing season but with much less activity during 
the rest of the year. Crested wheatgrass and smooth bromegrass 
have significant high nonprotein values from Mai*ch tlu’ough. St*])- 
ternber. Field observations also confirm tlu‘ fact that two 

grasses are very early starting in the spring. This is oiu‘ of !lu‘ 
reasons wl\y the}^ are being used for pasture r(‘S(‘e(ling ]>urpos(‘s at 
some of the higher altitudes. 

The botanist and plant breeder ma}^ mak(‘ us(‘ of this nonprotein as 
an aid to field and other observations, if, wluai phinning a, ])i*oj(‘ct, the 
albimiinoid nitrogen as well as the total nitrogen is to Ix^ (h‘t<‘rmined 
upon the plant material. 

SUMMARY 

The percentages of nonprotein in various New Alexico rangx^ forages 
are pi-esented. Some of the range grasses and browse plants have 
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continuous plant activity tlnoughout the winter, tlioiigii the rate of 
activity in certain species is much reduced. Tlie percentages of 
nonprotein for black grama and mesa dropseed grasses are closely 
correlated with tlie carotene level. Analyses of the nonprotein, as 
well as of the crude protein and carotene values when these were avail- 
able, together with field observations, formed the basis for estimating 
the plant activity of these forages. 
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ALTERNARIA BLIGHT AND SEED INFECTION, A CAUSE 
OF LOW GERMINATION IN CERTAIN RADISH SEED 
CROPS 1 

By D, M. McLean 

Research assistant. Section of Botany and Plant Pathology, Michigan Agricidtvral 

Experiment Station 

INTRODUCTION 

The production of radish seed is an important agTicultural specialty 
in certain areas in Michigan. Seed crops usually are groAvn by 
farmers on a contract basis for various seedsmen and harvested seed, 
must meet a minimum germination standard of about 85 percent. 
Seed crops which show substandard germination as specified by the 
seedman’s tests frequently are discarded with a loss to the growers. 

Seed crops of substandard germination generally occur in seasons 
of excessive rainfall subsequent to harvest, and it is during such, 
seasons that radish plants usually are seriously blighted by infections 
of the Alternaria fungus. The disease is present in a greater or lesser 
degree every year. 

In 1944 a project was initiated at the Michigan Agriciiltiiral Ex- 
periment Station to study the causes of low germination of radish 
seed crops. In a series of experiments Barrons and McLean^ showed 
that the occurrence of low-germinating radish seeds ma}^' be influenced 
by high moisture in the storage bag after threshing. The growth of 
parasitic and saprophytic organisms was not correlated with high, 
moisture during storage. In another experiment with samples of 
seeds from low-germinating lots they found approximately 40 percent 
infection by species of Alternaria. Four species of Alternaria were 
isolated from, infected seeds harvested from a single planting. 

Further studies were made in the field and in the laboratory during 
the season of 1945 to correlate pod infections by Alternaria with seed 
infections as a cause of low germination. This article records the 
results. 

SYMPTOMS OF THE DISEASE 

Since several species of Alternaria have been isolated from radish 
seeds (Raphanus satims L.) taken directly from diseased pods, it is 
assumed that each organism must have invaded the seed through 

1 Received for publication May 22, 1946. Journal article No. 820 (n.s.) from 
the Michigan Agricultural Experiment Station. 

2 Barrons, K.” C., and McLean, D. M. a study op the causes of low 

GERMINATION OF RADISH SEED CROPS. Midi. Agr. Expt. Sta. Quart. Bui 27: 
398-408. 1945. 
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Figure 1. — Lesions on radish seed pods caused by xUterna/i'ia raphani. 


the pods. No attempt has yet been made to determine the symptoms 
of the infections caused by each species. From a great number of 
isolations made from leaf, stem, pod, and seed infections Alter'imia 
raphani Groves and Skolko has been observed. The s3^niptoms, 
as they are described here, are those caused by infections of this 
fungus in inoculation experiments. 







Figuee 2. xA , Seedbed showing effect of Alternaria infection on gerniination of 
radish seeds; a, seeds taken from apparently healthy pods; seeds taken from 
diseased pods. Radish seedlings: a, Infected by A. raphani; h, healthy. 

Infections first become evident on the leaves of the fruiting stalk 
and may be found from the basal leaves to the tip leaves. The 
lesions first appear as very small yellowish-colored , slightly raised 
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spots one-lialf millimeter or less in diameter. With age, the lesions 
enlarge to approximately a centimeter and become roughly spherical 
to broaden elliptical. The centers of the older spots are of a thin, 
traiisliicent, papery consistency usually accompanied by an olivaceous 
to grayish or blackish growth of the fruiting fungus. On older leaves 
the centers of the lesions may drop out leaving a ^‘shot-holed'' ap- 
pearance. Individual lesions usually are bordered by a slightly raised 
margin or ridge. The fungus generally spoi‘ulates abundantly on the 
foliar lesions. 

Before the seeds are mature, early pod and stem infections are 
visible as purplish to brownish irregular lesions (fig. 1). During 
periods of abundant rainfall, infections are so severe that entire pods 
may be included in the lesion. Usually, the stylar end of the infected 
pods is blackish and shriveled. Whien mature, the infected pods 
are often covered with blackish lesions from pin-point size to a 
centimeter or more (figs. 1 and 4, a). Only rarely are spores found 

on the pod lesions; however, some pods may be covered with a mass 
of olivaceous to blackish-colored spores. The fungus may be readily 
isolated from pod infections. Stem infections are common and the 
lesions resemble those on the pods (fig. 1). Infections may occur on 
exposed parts of the root crown, causing dark circular lesions. 

The fungus penetrates deep into the pod tissues and may infect 
the immature seeds in the pods. Where 3 mung pods are severely 
infected the seeds may not develop. In older pods, the seeds may be 
shriveled and show darkened areas on the seed coats (fig. 4, i?, a). 
Infected seeds may not germinate or pre-einergence or postemergence 
damping-off of seedlings may occur (fig. 2, rl, B). Any portion of 
the seedling may be attacked. The fungus may readily be isolated 
from diseased seedlings. 

SPECIES OF ALTERNARIA ISOLATED FROM RADISH SEEDS 

IN MICHIGAN 

Four species of Alternaria have been isolated from radish seeds 
taken from crops grown in Michigan (fig. 3, A~I)). Groves and Skolko 
determined seven species of Alternaria^^ of which six are definitel}^ 
pathogenic, from a great number of agricultural seeds collected from 
nearly world-wide sources. These writers have veiy adequatelj' 
described the. species found in the present investigation 'h Of the 
four species found infecting radish seeds A, raphani is the most com- 
mon and is extremely pathogenic. A. b?ussieae and A. oleracea, 
which are pathogenic to seedlings of various cruciferous hosts, ^ have 
been observed in only a few instances. A. tenuis includes the generally 
considered saprophytic forms and is common in plate ciiltiires from 
radish seeds. 

It is not the purpose of this paper to go into a detailed discussion 
of nomenclature. Elliott,'^ IViltshire,^ and Groves and Skolko have 

GrRo\'Ks, J. W., and Skolko, A. J. notes on seed-borne pungi. ii. alter- 
NARr.A. (Anad. Jour. Res. Sect. C 22: 217-234, illus. 1944. 

^ Elliott, J. A. taxonomic characters of the genera alternaria and 
MAf’RospoRirM. Amer, Jour. Bot. 4: 439-476, illus. 1917. 

n’lLTSfURE, S. P. THE foundation SPECIES OP ALTERNARIA AND MACROS- 

poRH’M. Brit. My col. Soc. Trans. 18: 135-1 60. 1933. 



^Iternaria Blight and Seed Infection of Radish 


■Photomicrographs of spores of four species of AUernaria from radish 
A. raphani; B, A. oleracea; C, A. hrassicae; D, A, tenuis. 


thoroughly discussed the genus AUernaria. The identification of 
the species found in this investigation has been verified by Dr. J. W. 
Groves.® 

The writer acknowledges his indebtedness to Dr. Groves, of the Central 
Experimental Farm, Department of Agriculture Ottawa, Canada, for the veri- 
fication of the species here discussed. 
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EXPERIMENTAL METHODS AND RESULTS OBTAINED 

111 a preliminary series of experiments conducted in 1944, it was 
found that a relatively high percentage of seeds of low-germinatiiig 
seed lots were infected by parasitic and sapropliytic organisms. Seed 
samples from aliiumber of radish crops showing germination of 40 to 
80 percent were obtained from seedsmen and growers in the State. 
Seeds from each sample were surface-sterilized^ by dipping them in 
1 : 1,000 corrosive sublimate for 10 minutes after which they were 
rinsed in sterile water and placed on a potato-dextrose-agar medium 
in Petri plates. After several days, the Aliernaria fungus was grow- 
ing from as many as 40 percent of the seeds in certain samples. The 
counts of infected seeds were made without attempting to determine 
the relative number of uspecies. Fusarhim, Periicilliuni, Bhipjopus, 
and certain bacteria were present in occasional instances, but these 
were not considered a principal cause of low germination. A. raphani 
was the organism most commonly found on seed samples of low 
vitality. Groves and Skolko also found species of A/ffrrm/’ia to he 
the most common organisms on low-germinating radish seeds in 
Ontario, Canada. 

Seed treatment with the common dust materials did not signifi- 
cantly increase germination in the low-germinating samples. Tlie 
same result was obtained by Groves and Skolko.” Infected seeds 
treated in a water hath at 50^ C. (122° F.i for 25 minutes geiininated 
free of Alternaria on agar media. Hot water treatment, however, did 
not increase germination percentages in low-genninating diseased 
seeds. It seemed evident that whatever the cause of low gennination 
it was operative before the seeds were marketed or even before they 
were harvested. With this point in mind, further expeiimentation 
was conducted in 1945. 

Diseased plants with mature pods were collected in the field and 
brought to the laboratory, where they were tiiorouglily dried. Serials 
from individiial diseased pods showing numerous lesioiis and seeds 
from individual pods apparently free from infection were plac(‘d on 
potato-dextrese agar in Petri plates in the sanu^ position that they 
occupied in the pods. These seeds were not surhua'-sterilized, but 
were transferred direct^ from the pods to tlu‘ Betri })lates. 
several days, seeds from pods with numerous h‘sions showed 75 to SO 
percent infection with Alternaria, Often all tiu‘ seials in tin* disivisod 
pods were infected (fig. 4, /?, b). Usually, tin* see<ls dirtMOly htaieath 
the pod lesions were infected and frecjuc'ntU the ^eed eotxl siiowed 
dark markings. Seeds from pods which had only an occasiomnl h^sion, 
the majority of which appeared healthy, liln.wjst^ frcajucntly shuwiMl 
10 to 15 percent infection. A, raphani was tlie only fungiis'obst‘i‘\’ed 
in this experiment. 

In another experiment, seeds were taktm from distatstaJ pods and 
from apparently healthy pods for testing gcumination dig. 4, A, a 
and b). Seeds taken from diseased pods wen^ slightly smalha* than 
those from apparently healthy pods and many show^Mfdark markings 
on the seed coat. Seeds wliich were shriveha] and those which [)roba- 


^ See footnote 3, p. 74. 



Figure 4. — A, a, Radish seeds taken from pods infected with Alternaria, showing, 
dark areas on seed coats; h, seeds taken from apparently healthy pods. B, a 
Diseased radish pods ; 6, 'A, raphani growing on seeds taken from diseased pods 


and placed on potato-dextrose agar. 


bly would be eliminated in the cleaning process after tliresliing were 
removed from the lot. Samples of 500 seeds taken from diseased 
pods and from apparently healthy pods were planted in sterilized 
sand. After 9 days the number of seedlings were counted in each 
case. The results are presented in table 1 , 
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Table 1. — Germination percentages of radish seeds taken from diseased pods and 
from apparently healthy pods 



Seeds from diseased pods 

Seedlings 

infected 

Seeds from apparently healthj^ pods 

Block No. 

Planted 

Germinated 

Planted 

Germinated 

S(‘edlings 

infeded 

1_. 

Number 

K)0 

Percent 

30 

Percent 

9 

Number 

1.00 

Percent 

90 

Percent 

13 

•) 

200 

27 

10 

200 1 

87 

14 



200 

35 

11.0 

200 j 

81 

14. 5 

4 

.'iOO 

31 


500 i 

85 


5 

500 

32 


500 i 

So 









The data in table 1 show (1) that Alternaria infection causes a 
marked reduction in germination of seeds harvested from diseased 
pods, and. (2) that seed taken from apparentl3^ iiealtlw pods in a 
diseased planting may be infected even though there is little evidence 
of pod infection. The experiment was repeated several times witlx 
similar results. A. raphani was the only fungus isolated from the 
diseased seedlings. 

Lesions were observed on the cotyledons, liT^pocotyl, and roots of 
diseased seedlings, and infected seedlings frequenth' damped off 
(fig. 2 5, u). 

It was during the course of this experiment tiiat cultural variations 
were noticed in the different Alternaria isolates from infected seeds. 
A detailed study of the different isolates led to the identification of 
the species previously mentioned. A raphani was the species most 
commonly observed. 

DISCUSSION 

The results of the foregoing experiments have shown that infe(*tion 
by Alternaria is a principal cause of low germination in radish staMi of 
certain crops. Groves and Skolko found a dii'caU cornfiation })e- 
tween gerniination and the presence of aI. raj)hani i?i s(mm 1 sanq)h‘s 
in which gerniination ranged from 14 to fio piuneiit. This sf)e(*i(‘s 
was the only pathogenic fungus that appiaxred consist(aitl\' in m11 
their samples in a high percentage. The oiganisins otlna* thar) 
Alterriaria which are frequenth^ isolated from radish stasis ati^ [)rol)abl v 
unimportant as a cause of low germination. For tin* most parU rlnw 
appear to be sapropl\Ytic and occur during tlu‘ (uiring pro<*('ss befoi't^ 
the seeds are dry. High moisture during storagt^ ma\^ caiis{' imaa^a'^od 
infections by the AMernaria fungus. When pod irheotioils oceur, 
the spores are mixed with the seed during threshing, and tin* mycelium 
max’' continue to infect the seeds and give a moldy appeaiimct' to ilu^ 
crop. 

Since it has been shown that percentage' g(uminati«)n of s(‘eds from 
diseased pods is lower than that of seeds iVom af)pai*t‘nlly hcaltli;v 
pods, it appears that low germination may he cnnafiated diiiaulx' 
with pod infections in the field. This semns to lu' indicuittal also by 
the periodicity of good and bad seed crof)s in Miehigam Nadis'h 
plantings for seed crops are blighti'd with Alii maria inhauions mairlv 


^ See footnote 3, p. 74. 
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every .year in Michigan. In certain seasons crops are harvested 
which give high germination percentages, while in others germination 
is low. Low germination percentages are usually found in seasons of 
excessive rainfall when Alternaria infection is serious. V arious reasons 
have been given to account for low germination during these years, 
including (1) poor pollination, (2) wet weather during the ciiring 
period, (3) excessive moisture after sacking from the threshing 
machine, and (4) the prevalence of seed-borne pathogens. Some of 
these reasons are correlated with conditions which favor infection by 
Alternaria. 

Since neither fungicidal seed treatments nor hot water disinfection 
of diseased seeds necessarily induces a higher germination of infected 
seed, control measures must be applied in the field. Inasmuch as 
Alternaria raphani seems to be the principal cause of the disease and 
apparently has been isolated only from radish, it follows that if disease- 
free seed were planted the severity of seed infection might be controlled 
by destruction of the source of primary inoculum. 

SUMMARY 

Four species of Alternaria have been isolated from low-germinating 
radish seeds in Michigan. A. raphani causes infections of the leaves, 
stems, pods, and roots of radish plants and is the most common para- 
sitic species that has been isolated. Seeds taken from infected pods 
frequently show 70 to 80 percent infection. This species is also 
pathogenic to seedlings. A. raphani is considered to be the cause of 
infection in the field which results in low germination in infected 
seed crops. A. brassicae and A. oleracea are found only rarely and 
probably are not of primary importance as a cause of low germination 
in seed crops. A. tenuis is a type commonly found on radish seeds, 
but it is considered to be mostly saprophytic. Penicilliu7n, RhizO'jms, 
Fusariuni, and certain bacteria frequently are found in seeds after the 
curing process. 

Fungicidal dust treatments of low-germinating seeds have failed 
to give significant increases in percentage of seedling counts. Hot 
water treatment for 25 minutes at 50^ C. (122° F.) killecl the Alternaria 
pathogen in infected seeds. Such treatment, however, did not 
increase germination precentages in low-germinating seed lots. 
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GROWTH RESPONSES TO ORGANIC COMPOUNDS BY 
TOBACCO SEEDLINGS IN ASEPTIC CULTURE^ 


By Robert. A. Steinberg 

Physiologist, Division of Tobacco, Medicinal, and Special Crops, Baireau of Plant 
industry, Soils, and Agricidtural Pngineering, Agricultural Research Adniinistra- 
tion, United. States Department of Agricidture 

INTRODUCTION 

Investigations on the responses of plants to organic compounds of 
natural and synthetic origin have recently tended to assume consid- 
erable importance. The increased knowledge of^ the biochemistry 
of plants thus obtained has been utilized for making more practical 
the methods of producing mutants, rooting cuttings, and preventing 
fruit drop and for improving materials for the protection of plants 
against micro-organisms and insects. On the other hand, soil toxichy 
due to organic substances has been shown to exist (7).^ The action 
of crop residues on the growth of subsequent crops (5) also may be 
partially of similar origin. Knudson (4) and others demonstrated 
that sugars and other compounds may be absorbed by the pknt 
through its roots and lead to increased growth. No necessity exists, 
therefore, to justify the further use of this experimental procedure. 

The studies dealt with in this paper originated when the observation 
was made that seedlings of the Robinson strain of Maryland Medium 
Broadleaf tobacco grown in aseptic culture under low-intensity arti- 
ficial light at constant temperature did not pass through the rosette 
stage on an 8 -hour day. The attempt to eliminate tliis formative 
eflhct of light led to a study of the influence of organic compounds of 
natural origin on growth. Though most of these data are for tobacco 
seedlings grown wuth a short day, it is believed that they do not differ 
in any important degree from those obtainable for plants grown with 
a long day. 

^ MATERIALS AND METHODS 

Seedlings of Maryland Mediu.m Broadleaf tobacco were grown 
aseptically in 200-cc. Pyrex Erlenmeyer flasks containing 50 ec. of 
nutrient solution solidified with agar. ' The solution used was that 
developed bv McMurtrey ( 6 ), and the 20 X solution contained water, 
1,000 cc.; Ca(N 0 :j) 3 . 4 H 20 , 29.16 gm.; KNO3, 2.19 gm.; MgfNOs). 
6 H 2 O, 3.19 gm.; KH 2 PO 4 , 5.75 g.m.; MgS 04 . 7 H 20 , 3.08 gm.; and 
NH4CI, 1.50 gm. The micronutrients in this concentrated solution 

^ Received for publicatioM Augrist 23, 1946. 

Italic ruimber.s in parentheses refer to Literature Cited, p. 91. 
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comprised zinc, 10.0 mg.; copper, 2.5 mg.; manganese, 20.0 .mg.; and 
boron, 10.0 mg. Iron was added separately to tlie diluted, solution 
as ferric chloride at a concentration of 3 p. p. ni. After dilution of 
this solution and addition of iron, 2 percent of sucrose, and 1.15 
percent of agar, the medium was heated and put in flasks, wdiich were 
then plugged with absorbent cotton and sterilized at 15 pounds’ 
pressure for 30 minutes. The organic compounds under test were 
added to the flasks before they were filled with the medium. 

Seed was sterilized with 1:1,000 silver nitrate for 15 minutes, 
washed with three changes of distilled water, and poured into pre- 
viously sterilized petri dishes containing several layers of filter paper. 
The seedlings were transferred to the flasks after a geiMiiination period 
of 6 to 7 days at 25° C, The use of a pair of magnif 3 'ing spectacles 
(2.5 X) was helpful. A flamed platinum hook with a sharpened 2-mm. 
prong was moistened with sterile distilled water aiul brought in con- 
tact with the seedling, and the latter was transferred to the agar. 
The seedling adiiered first to the platinum needle and then to tin' 
agar. Seedlings witli a total length of 5 mm. were readil}^ lian<!l<^<l. 
as the radicles could be pushed into tlie ogar witli tlie back of ilu‘ 
prong. 

The seedlings were grown at 25° C. in ligJitiMl m(Mi))ators under 
3,500° white fluorescent lamps furnishing 500 fool-(‘an(lh\s of illumi- 
nation for 28 da^^s. On harvesting, the seedlings wovo fiiHal from tlu‘ 
agar, rinsed Avith water, pressed between absorlxuit ]ui]3er, and liried 
at 103° to 105° for 4 hours. Usuallv th(‘ valmss sliown are tlie 
average of four duplicate cultures. The culturi'h \\(‘r(* weigluai in 
pairs. Contaminated cultures and abnormal plants wurre disc*arded. 
Iiijuiy to seedlings during transfer, immersion of cotAdedons, an<l 
exposure of the radicles caused marked reductions in growth. Re- 
jections due to these causes were about 10 percent. 

EFFECTS OF SUGARS ON GROWTH 

Growth in a inediiim containing sugars under the exp(u-imtmtal <*( au- 
ditions used is shown in table 1. The average drv wtxght (dituiuxd 
after 28 days of growth with 8 hours of light daily was 4 ing. Tiu* 
seedlings formed stems immediate^ and four to six leaxo^s of good 
color. With continuous illumination tlie total yi(hl [ler [)laul avor- 
aged 68.9 mg., the leaves were normal in shafx* an<l color, and Uie 
rosette stage was just on the point of termination. TiH‘ main rifvr\ 
of sucrose (2 percent) was on tlie vigor ami i*a.t(‘ of growl h of i h(‘ st'cd- 
ling; the yields became 19.7 mg. with 8 hours of driilv iiiununalion 
and 150.5 mg. with continuous illumination. 

The effects of other sugars and compounds lisital in the ial>li‘ wen* 
studied on seedlings grown under 8 hours of <iaily illumination. ( )nly 
with D-glucose and D-fru close did growth imauatse a|)proa<*h tliat wit h 
sucrose. D-fructose, however, caused root injury. None of tln‘ other 
coinpounds tested, with the possible exce])tio’n o'f D-xylosm etiused an 
increase in growdln 
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Table 1. — Growth of tohacco seedlings, Maryland Medium Broadleaf, ‘with various 
sugars in aseptic culture for 28 days at 2o° C. and 500 foot-candles of fluorescent 
white light for 8 hours daily 


Treatment oi- compound 
(20 gm. per liter) 

Aver- 

age 

total 

yield 

Ai>. 
pear- 
ance > 

Treatment or compound 
(20 gm, per liter) 

Aver- 

age 

total 

yield 

Ap- 
pear- 
ance J 

Control : 

8-hour dav^ 

Milli- 

qrams 

4.0 

S, 8 

S, 8 
R. 10 

L-Arabinose 

Alilli- 

f/riims 

1. 4 

S, 9 

8-hour day with sucrose. 

19.7 

D-MannitoL.. .. 

2.3 

S, 8 

Continuous day 

68.9 

Calcium citrate 

3. 6 

S, 8 

Continuous day with sucrose. 

150. 5 

R, 10 

Calcium D-glueonate 

3.9 

S, 6 

IJ-Glucose 

15. 6 

S, 8 

2 S, 8 

Calcium 2-keto-D-gluconate 

.9 

S, 4 

D-Fructose 

14.6 

Calcium 5-keto-D-gluconate 

. 5 

S, 4 

D -Mannose - 

1.6 

R, 8 

Calcium D-lactate... - - 


S, 4 

D-Galactose 

0 

0 ! 

Potato starch 

1. 1 

S, 6 

L-Sorbose -- - 

.8 

S, 8 

[ Sucrose-f- D-maniiose 2 

IS. 9 

2 R/2, 8 

2 R, 10 

D-Xylose 

7.5 

S, 8 

Do.-» 

11.9 

6. 3 

D-Arabinose 

0 

4 

D 0.3 

2 R, 10 






■ S, Shoot or stoni; R, rosette; R/2, partial rosette. Rated from 0 (wliite) to 10 (dark green). 
Short roots, injury. 

Mannose at 10 gm. i)er liter. 

^ Mannose at 20gni. per liter. 

5 Mannose at .‘10 gni. per liter. 


D-mamiose appeared to be the only compound that inhibited stem 
formation, that is, aided passage through the rosette stage. It was 
not possible to eliminate premature stem formation witli D-mannose, 
however, without decreasing yield. A mixture of 10 gm. of D-maii- 
nose and 20 gm. of sucrose was partially effective in promoting j*osettG 
formation witliout seriously diminishing yield. 

Figure 1 illustrates tlu' types of growth obtained on an 8~liour and a 
24-hour day with and without sucrose. Growth with various sugars 
is shown in figure 2. 



TiGURE 1. — Maryland Medium Broadleaf tobacco seedlings, 3 weeks old, grown 
aseptically on mineral agar at 25° C. with 500 foot-candles of fluorescent 
white light: A, With 8 hours of daily illumination but without sugar in medium; 
B, with 8 hours of daily illumination and 2 percent of sucrose in medium; C, 
with continuous illumination but without sucrose in medium; D, with, contin- 
uous illumination and sucrose in medium. 
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Figure 2. — Maryland Meciium BroadJeaf tobacco ^ecdlingv, 3 \v(‘(*k8 old, grouii 
aseptically on ininerai agar at 25° C. with 500 foot -can dies of iluuri^scefit white 
light: A to H, With 8 hours of daily illumination — without sugar ih-1 ) and witji 
2 percent each of sucrose (B), D-giucose (C), D-fnuuo.s* (/b*, I)-iuaiuuKM‘ (E\ 
D-galaetose (F), L-sorbose (G), and I)~xylose {If'; I aial J, with coiuintious 
illumination — without sucrose (/) and with 2 penaeu of sucrox' \ J }, 

EFFECTS OF AMINO ACIDS ON GROWTH 

The results of tests with amino acids on g-rowth of lohatu/n .siuMlliugs 
are shown in table 2. All media contained 2 ptu’ctuit of ^otnostu and 
the cultures were grown on an 8-hoiir day. (irowlh was diniiinshtul 
almost without exception at a concentratio!i of 200 p. j). no of anum* 
acid, Arginine hydrochloi-ide, /-cystine, and ^//-ornitiiint' iiydro- 
chloride proved least toxic in the order given. 

Toxicity at a level of 200 p. p. in. was associatiul, with ex<'essiv{‘ 
acidity in the case of /-aspartic acid (pll — 8.98). ^/-glutann<‘ acid 
(pH ==4.08) J /-histidine dilwdrochloride ( pH ==4.07 ), and //dysim* 
dihydrochloride (pH = 3.99). Cultures of (‘Xf/essive aridity werr 
easily recognized by failure of the agar to grl. Tlu‘ acidity fartor, 
ho-wever; wuis probably of minor importaiKM^ in itscdf at ihr abovr- 
mentioned acidities. Glycine (pH==4.9C)), /-hydroxyprolinc (pll 
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Table 2. — Growth of tobacco seedlings, Maryland, Medium Broadleaf, with 2 percent 
of sucrose plus varlotis amino acids in aseptic culture for 28 days at 2S^ C. 
and 500 foot-candles of fluorescent white light for 8 hours daily 


Control or compound (200 ing. 
jicr liti'r) 

Average 

total 

yield 

Appear- 
ance 1 

Control or compound (200 mg. 
|)cr liter) 

Average 

total 

yield 

Appear- 
an(*(.‘ ^ 

Control 

MilU- 
(jrmns 
20. 1 

S, 8 

d/-Isoleiicine 

Mini- 

(iTiirtis 

l.S 

R, 4 
R, 4 

dl-Alanino 

.4 


d-Lysine dihydrochloride 

2.0 

d/t-a-Animo-w-butvric acid 

0 


dZ-Methionine 

4.8 

S, S 

d- Arginine hydrochloride 

18. 

S, 8 

d/-Norleucine 


' R, 2 

/•Asparagine 

li, 0 

d/-Ornithirie hvdroehloride 

i:i9 

S, 8 

/-Aspartic acid _ 

li) 

R, 6 

S, 8 

d/'/S-Phenylalaoirie 

10. 1 

S, 8 

/-Cystine . _ 

15.6 

. 6 

/-Proline 

. 1 

rA 

d- Glutamic acid 

R, 2 

d/'Serine 

0 

Glutathione 

1.4 

R. 2 
R, 1 
R, 8 

d/-Threonine_ - 

^ 2 

R, 2 

G lycine ^ 

. 5 

/-'Pryptophane- 

.*6 

R, 2 

/-Histidine dihydrochloride 

4.8 

iTyrosine 

10. 4 

.3 

S, 8 

/-Hydroxvproline - 

0 

0 

d/- Valine - 

R, 2 

/■Leucine* 

9.2 

S, 8 




5 S, Shoot or stem; R, rosette. Rated from 0 (white) to 10 (dark green). 

2 Seedlings grown with d/-isoleiicine showed inhibition in growth of apical bud, suekering, and strap leaves; 
all typical symptoms of frenching. 


4.92), d/-isoleucine (pH=4.89), Z-proline (pH~4.76), c/Z-serine (pH= 
4.78), cZZ-tlireonine (pH=4.78), and Z-tryptophane (pH=5.14) were 
very toxic though having acidities comparable to that of the control 
(pH=4.51). All these acidities were measured at the time of harvest. 
Initial acidity of the control was equivalent to a pH of 5.11. ^ 

In no instance was shoot development inhibited by an amino acid 
at a concentration of 200 p. p. ni. except when it checked all growtli. 
Clilorosis when present was not distinctive as a rule but consisted in 
a uniform bleaching of all leaves except the cotyledons. 

Marked and characteristic abnormalities occurred only in the 
presence of dZ-isoleiicine [9). The rosette condition persisted with 
(iZ-isoleiicine because of inhibition of stem and sucker growth and 
profuse development of the axillary leaves. As compared with the 
controls, an excessive number of leaves were formed which exhibited 
a slight mottling and varied from narrow to strap leaf.’’ The 
general appearance of these leaves was very similar to that of leaves 
of tobacco plants affected with the disease known as frenching. 
Divergencies, of course, existed. These differences consisted in the 
absence of a distinctive reticular chlorosis, the presence of curved 
leaf margins, the absence of pale bud and leaf margins, and the 
presence of the characteristic waving and ruffling of the strap-leaf 
margins. 

The appearance of seedlings grown in a medium containing (ZZ-iso- 
leucine is shown in figures 3 and 4. Strap-leaf formation was noticeable 
ill 14 days and occurred in the first pair of leaves formed. It is im- 
probable that these responses ivere associated with an impurity, for 
similar results were obtained with two different samples purchased 
several years apart from the same manufacturer and with a third 
sample from a secorid manufacturer. 

Additional tests were made with the most toxic of the amino acids 
at a lower le\Tl of concentration (50 p. p. m.). The results are 
given ill table 3. Most of these amino acids were rather toxic under 
the conditions of the tests even at these high dilutions. 
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T --^Growth of iohacco Manjland yi edi urn BrondlcaJ iriih d per- 

rrni of sorrosr plus anrino acids of high toxicity in aseptic eidture for .<S days at 
dd° ( \ and dOO foot-candles of fluorescent white light for 8 hours daily 


Control or compound (50 mg. per 
liter) 

Average 

total 

yield 

Appear- 
ance 1 

Control or compound (50 mg. per 
liter) 

Average 

total 

yield 

Appear- 
ance ‘ 

Control 

d/-Alaninc 

/-.Aspartic acid 

d'Olutamic acid- 

Glycine „ , - 

Mlistidinc dihydrochloride 

/-Hydroxyproline - 

dZ-Isoleucine 

Milli- 

grams 

17.9 

2 

9.6 

. 7 
.4 

11.2 

.1 

4.2 

S, 8 

R, 2 

S, 6 
R, 2 

R, 2 

S, 6 

2 R, 6 

dMsoleucine^ 

1 ) 0.5 

ri-Lvsme dihydroehloridc- - - - 

/-Proline - - 

rfeSerine. 

(//-Threonine 

/-Tryptophane. 

(//-Valine 

J 

MilU- 
qrams 
^ 3.1 

1. 7 
11.0 
.4 
.3 
1.0 
8.8 
.5 

^ R, 4 
« R, 2 
S, 0 
S, 2 
S. 2 
S, 1 
R, 8 
i R, 1 


1 S, Shoot or stem; R, rosette. Rated from 0 (white) to 10 (dark green). 

5* Narrow leaves, 

3 too mg. per liter. 

^ Narrow and strap leaves. 

5 200 rag. per liter. 

G Strap leaves. 

The freiiching response with <i/-isoleucine persisted but with dimin- 
ished severity. For example, strap leaves were not formed at the 
lowest concentration though the widths of the leaves were decreased 
by more than half. It is possible, however, that a search would 
reveal conditions under which the action of d/-isoleucine would be 
exhibited at even a lower concentration tlian fiO p. p. on It was tlie 


Fig I RE 3. — Maryland IMediiim Broadleaf tobacco secdiiniis »ro\vn ast‘ptically at 
25^^ C. with 500 foot-candles of fluorescent white light on iniiK'ral agar contain- 
ing 2 percent of sucrose and 200 p. p, in. of dWsoicucinc: A, t^rcdlings 4 weeks 
old, grown with 8 hours daily illuminatioiij B, saine stMHilings after l>eina 
grown an additional month with continuous illuininarion. 
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Figure 4. — Maryland Medium Broadieaf tobacco seedlings grown from Septem- 
ber 5 to October 25, 1945, at 25° C. with 500 foot-candles of fluorescent white 
light and continuous illumination on mineral agar containing (^4) 2 percent of 
sucrose and (S) 2 percent of sucrose plus 200 p. p. in. of d/-isoleucine. 

only one of tlie 23 amino acids capalilc of causing a spi^cific response 
of this nature at this concentration. 

Other amino acids can modify the action of d/-isoleueine on growth 
of tobacco seedlings (fig. 5). When 50 mg. per liter of f/Wsoleucine 
was used with 20 mg. of another amino acid, a wide difference in 
response appeared.' Increases in growth were effected by /-aspartic 
acid, /-cystine, glycine, /-histidine dihydrochloride, /-leucine, 
<i-lysine dih3^drochloride, dZ-methionine, d/-norleucine, t//-^-phenyl- 
alariine, /-prolirie, and d/- threonine. The controls with d/-isoleucine 
had narrow leaves showing a diffuse chlorosis, whereas all admixtures 
except those with d/-alaoine, /-hydroxyproline, and /-tiyptopliaiie 
produced seedlings with leaves having the clearly defined reticular 
chlorosis so characteristic of frenching. dZ-Alanioe, /-hydroxyproline, 
and /-tryptophane caused sharp decreases in ^ueld. r//-Alanine and 
/-tyrosine, however, seemed to neutralize to some degree the abnormal 
morphological effects of d/-isoleucine, while /-lydrox^'proliiie and 
/-tryptophane seemed to accentuate these (strap-leaf formation). 

A summary of the characteristic symptoms of the various amino 
acid toxicities appears in table 4. The divergencies and similarities 
in gross morphology resulting from excesses of individual natural 
amino acids are listed. The quantities involved ranged from 0.25 
to 2.5 mg. per seedling, if only those acids included in the table are 
considered. Symptoms of abnormality vary greatly and include loss 
of dominance, or death of the apical bud (retention of the rosette 
condition and inhibition of stem growdli and of suckering); various 
leaf mottlings, streaks, and blotches; and narrow, strap, ruflled, 
twinned, and rim-bound leaves. Therefore, abnormalities in protein 
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Figure 5. — Maryland Medium Broadleaf tobacco seedlings grown at 25° C. 
yitli 500 foot-candles of fiiioreseent white light and continiioiis illumination 
on mineral agar containing 2 percent of sucrose and 50 p. p. m. of dZ-isoleueine 
plus additional amino acid at 20 p. p. m.: >4, None (control) ; B, d/-alanine; 
C, glycine; I), Wiydroxyproline; E, dFisoleucine. 

metabolism consequeBt to disturbances of mineral mitrition^ or 
physical-environmental factors may comprise in part tlie mechanism 
through which such aberrations are made evident as alnicrmalitic^s 
in gross morphology. 

Table 4 :.-~~Sy 7 nptotm in tobacco seedlings, Maryland Medium Broadleaf, due ia 
excessive concentrations of the more toxic natural amino acids 


Compound 

Concentra- 

tion 

SymptoriLS of toxicity other than nOarded growth 


P. p. m. 


rfZ- Alanine-,. 

5 

Chlorotic spots at apex and margins. 

/-Aspartic acid 

50 

Large, faintly chlorotic spots. 

^/-Glutamic acid 

20 

Large white blotches. 

Glycine 

40 

Faint interveinal chlorosis. 

/-Histidine dihydrochloride . . , - 

.50 

Small, faintly chlorotic spots. 

/-Hy d rox y proline 

.5 

Inhibition of buds; streak chlorosis: thick, down-cnrietl 
leaves; browni, dead leaves; rim-bound leaves. 

rf/'lsoleucme. 

50 

Loss of apical dominance, narr(n^■ ieuv’es, mottling. 

rf-Lysine dihydroehloride - ~ - 

50 

Reticular chlorosis. 

<i/-Norleucine 

20 

Inhibition of secondary root growl li. 

/-Prolirie - - 

40 

Faint interveinal chlorosis. 

(//-Serine -- 

40 

General mottling. 

(//-Threonine 

50 

White leaves. J 

/-Tryptophane 

20 

Loss of apical dominance; Lolaied rut!!<*(i sirap kaucs: rim- 
bound, twinned, pointed, atei w iiiuaed-zouf kvut'.- 
suckering. 

(//-Valine 

20 

Large white bkttches. 


' White leaves are believed to be a general symptom due to excess (piamitifs of amino aci<l>: p. p. .m. 
of the amino acids listed as causing this condition did not prevent nornuil morphological growth. Spcfitic 
abnormalities in gross inorphology will probably be found to occur al int(*rmediato conctauruilMtis. An 
intere.sting symptom, root blackening, w’as also caused by high eonc<>ntr;itions id lyrosinm 

These growth effects of the free, natural amino acids, lik(' thnsi^td* 
D-mannose and commercial peptones (p. 89), would setnn to minimiz(‘ 
the need for assuming the existence of hormones nya'ulating all tht‘ 
activities of plants, because it is evident that tlu‘ ordinary nudaholic 
products of the cell in themselves can exert a hormone action t)n tln^ 
growth processes of plant tissues. The hormoiu' action of other 
natural metabolites also may be the explanation lor tlu‘ similantic^s 
in response to dissimilar synthetic growth substances (*ausing root 
initiation, epinasty, callus formation, and other growdh corrfdations. 
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EFFECTS OF VITAMINS AND PEPTONES ON GROWTH 

^Noiie of tlie ^ vitamins used (table 5) appeared more than very 
slight]}^ beneficial to the growth of Maryland Medium Broadleaf 
tobacco. Pyridoxine and ascorbic acid gave slight increases in yield 
which, however, did not exceed the limits of experimental precision. 

It is interesting to note that certain peptones also brought about 
slight increases in yield. The important feature about these responses, 
however, was not the slight increases in yield that were obtained, but 
the evidence for the relative nontoxicity of peptones and proteoses as 
compared with amino acids and the peptide giutathione. Some of these 
peptones (Bacto-tryptose, Bacto-protone, Proteose-peptone) appeared 
favorable to retention of the rosette condition despite the short day, 
but the response did not appear regularly. 


Table 5. — Growth of tobacco seedlings, Maryland Medium Broadleaf, with 2 per^ 
cent of sucrose, plus vitamins or peptones in aseptic culture for 28 days at 2S^ C, 
and 500 foot-candles of fixiorescent ‘white light for 8 hours daily 


Control or compound 
(1.0 mg. per liter) 

Aver- 

age 

total 

yield 

Ai:>pear- 
ance ‘ 

Control or corapound 
(200 mg. per liter) 

Aver- 

age 

total 

yield 

Appear- 
ance ^ 

Control 

Milli- 

qrams 

19.6 

20.4 

3.8 

3.8 

Casarriiuo acids 2 

Milli- 

gravis 

6.6 

S,2 

Biotin L. 

Bacto-peptone 2 

22.7 

5.8 

3.8 

5.8 
3,2 

R/2,8 
! R/2, 8 

S,8 
! .R/2, 8 

S,8 

Thiamine chloride 

14.8 

s', 8 

3,8 

3,8 

3,8 

Peptone (Witte) 

20. 4 

Pyridoxine. 

23.8 

AI alt extract 2 

18. 8 

Nicotinic acid 

19. 5 

Yeast extract 2 

1.8 

Riboflavin ^ 

19. 0 

Bacto-tryptose 2 

1 22.8 

,\.scorbic acid 

22.4 

3,8 

Bacto-protone 2 , 

18. 0 

C alciiim d-pantothenate 

p-Aiiiino benzoic acid. .. ... 

19. 7 
19. 8 
19.3 

3,8 

3,8 

3,8 

Bacto-tryptone 2 ,. 

Proteose-peptone No. 4 2_ 

16.9 
23. 1 

Folic acid ■’ - 

Neopeptone 2 

19. 3 

Indole-3-propionic acid 

Indole-3-aCetie acid 

11.7 

11.1 

3.8 

3.8 



J S, Shoot or st(3m; R/2, partial rosette. Rated from 0 (white) to lO (dark green). 
“ From Difco Laboratories. 

■> 10 gammas per liter. 

^ 0.4 ing. per liter. 

0.1 mg. per liter. Courtesy of Prof. Roger .1. Williams. 


EFFECTS OF PURINES AND PYRIMIDINES ON GROWTH 

Excesses of metabolites other than amino acids may behave similarly 
in producing abnormalities in gross morphology. At concentrations 
of 200 p. p. m., for example, adenylic acid, guanylic acid, uracil, 
guanine, guanosine, and hypoxanthine brought about faint mottling. 
Adenine caused formation of white leaves because of excessive toxicity. 
Faint, glossy, dark-green leaf blotches also were evident with xanthine, 
guanosine, and hypoxanthine. With all of these products of nucleic 
acid decomposition except adenine yields were almost normal. Growth, 
with adenylic acid, uracil, and xanthine was, indeed, slightly better 
than that of the controls. Glutathione (table 2), a tripeptide, was 
also rather toxic and would probably cause production of specific 
symptoms at its toxic threshold. 
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DISCUSSION 

Persistence of the rosette stage preliminary to shoot elongation variys 
considerably with different varieties of tobacco. The variety used in 
these experiments is characterized by a well-defined preliminary 
rosette stage. The day-length experiments of Allard and Garner (1) 
would indicate that diiration of the rosette condition is briefer with 
long daily periods of solar illumination than with short ones. With 
the^ environmental conditions employed in these experiments this 
response appeared to be reversed. The plants grown with a short day 
began stem elongation almost immediately, whereas those in con- 
tinuous illumination remained in the rosette stage for a month or more. 
The factor responsible was probably low light intensity, but high 
moisture and relative humidity may also have contributed to the 
reversal in response. Reversal is viewed primarily, however, as a 
low-nutrition response. 

It is probably unnecessary to assume the presence of a rosette-form- 
iiig hormone in this reaction of tobacco. The data seem to indicate 
that variations in the proportions and concentrations of ordinary 
biochemical constituents of the plant may bring about modifications 
in duration of the rosette stage. The difficulty in demonstrating this 
interpretation experimentally lies in proving that the components of 
the chemical mixture used to cause reversion to rosette formation are 
actually those so functioning in the plant. Biochemical data are needed. 

The characteristic and specific response of tobacco seedlings to 
c/Wsoleucine is of great interest, particularly if it proves to be the 
primary cause of frenching in tobacco. ^ This disease is of world-wide 
occurrence, but little is known of its cause. Response of tobacco to 
{//-isoleucine in aseptic culture is very similar to frenching in the field, 
considering the wide differences in these environments. Moreover, all 
3 samples of this amino acid that were tried were equally effective and 
varied with the concentrations used. The ineffectiveness of about 60 
other biochemical compounds to bring about a similar response v ould 
indicate the degree of specificity involved in this reaction. McMur- 
trey (5), however, was also able to duplicate the symptoms of frenching 
to some degree with thallium salts. Shear and tlssery {8) found tliat 
this tobacco disease occurred in the absence of thallium under field 
conditions. 

The mechanism is unknown whereby specific ebaracteristic symp- 
toms in the green plant are brought about through mineral defidencies 
and toxicities. Though an assumption of direct action might appcau 
plausible for macronutrients, nutritive deficiencies of micronutihaits 
at least could lead to characteristic syndromes only indir(M‘tly. Tia^ 
data presented on amino acids reveal the existence of a nualianism 
for the production of specific morphological abnormaliti^cs (hqa'mhnt 
upon irregularities in protein metabolism. Yariations in formation 
and degradation of proteins under abnormal eiivironnients c‘ould haul 
to accumulation in excess of specific free amino and other acids, 


A similar response to ^^Z-isoleiicine is given by Xantlii Turkish tobac(*o in soil 
and solution culture in the greenhouse and by Connecticut Ih-oadk^af in soil. 
Symptoms of mild frenching — bud inhibition, pale buds, narrow leavt's with pnio 
rims, and reticular chlorosis — were quite characteristic of the ( 'ohikhm icui Ih'omi- 
leaf variety in soil. 
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purines, pyrimidines, and peptides sufficient to produce a direct and 
harmful effect on growth and color of leaves, buds, and stems. The 
phenomena of amino acid toxicities have a range ample to account 
for at least some of the specific morphological symptoms encountered 
with disturbances in mineral nutrition. The validity of this interpre- 
tation is further supported by the data demonstrating the i*elative 
innociiousness of proteoses and peptones and by the modifications in 
symptoms resulting from amino acid admixture and from concentra- 
tion. 

Morphological abnormalities in plant growth are known to take 
place in darkness and are accompanied by an increase in free amino 
acids. Bennett {0) reported that iron chlorosis in spur leaves of pears 
is accompanied by an increase in soluble nitrogen. 

SUMMARY 

Seedlings of the Kobinson strain of tobacco, Maryland Medium 
Broadleaf, were grown for 28 days in 200-cc. Pyrex Erlenmeyer flasks 
under aseptic conditions at 25^ C. with 500 foot-candles of fluorescent 
white light. Each flask contained 50 cc. of a mineral-agar medium. Of 
about 60 sugars, amino acids, vitamins, and peptones added to the 
medium, only sucrose, D-glucose, D-fructose, and perhaps D-xylose 
w’ere definitcdy beneficial to growth. Other compoimds, particularly 
amino acids, were toxic at concentrations of 5 to 200 p. p. m. A 
specific toxicity response to riZ-isoleucine duplicated most of the gross 
characteristics of the disease known as frenching, especially strap-leaf 
formation, reticular chlorosis, inhibition of all stem elongation, and 
large increase in leaf number. Admixtures of other amino acids with 
dZ-isoleucine led to wide variations in response from diminution to 
accentuation of the symptoms of frenching. Individual acids caused 
distinctly different patterns of gross morphological abnormalities. 
It is suggested that excesses of free amino acids due to abnormalities 
in protein metabolism may contribute to the formation of characteris- 
tic patterns of symptoms in plants because of disturbances in mineral 
nutrition. Failure to pass through the rosette stage under short daily 
illuminations could be corrected partially by addition of D-mannose 
and certain peptones. Commercial peptones (peptones, proteoses) 
were relatively nontoxic as compared with the free amino acids. 
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CONGENITAL MALFORMATIONS 01' EYES OF SHEEP 


]5y Irene Rosenfkld, assoemte pharmacolof/ist, and O. A. Beatb, research 
chemist , Wyomhuf Agricultural Experiment Statkm 

INTRODUCTION 

MatxBniai body temperature and moisture in mainmals are sutli- 
ciently uniform to prevent tliese factors from interfering witli normal 
development of the embryo. Lack of oxygen, excess of carbon diox- 
ide, dietary deficiencies, and tlie presence of toxic substances, however, 
do interfei*e witli and retard tlie rate of normal development. 

The relation between a faulty maternal diet and anomalies in the 
offspring has been reported by many investigators. Hale (o)“ and 
Moore, Huffman, and Duncan (6') found many congenital malforma- 
tions in pigs and calves maintained on a vitamin- A-deiicient diet. 
Warkany and his coworkers (i5, 16) described skeletal abnormalities 
in the off'spring of rats due to maternal nutritional deficiencies. 
Franke and Tully (4) produced chick monsters by feeding grains 
which contained selenium, and Landaiier (6) produced various types 
of abnormalities with organic selenium in creeper and normal strains 
of fowl. Beath et al. (I) reported malformations in the progeny of 
slieep which were grazed on seleniferous areas. 

It is evident that selenium can interfei*e with the normal develop- 
ment of the embryo and that it can produce malformations in the 
pi‘ogeny. The process by which selenium produces malformations 
was suggested by the investigations of Wright (fP), when he demon- 
strated that seJeniiim injures the oxidative mechanism of adult 
tissues. If selenium interferes with tissue respiration, tliose organs 
which have the highest growth iiite during embryonic development, 
that is, the eyes, head, and extremities, would be the most seriously 
affected. This has been the ease in all the malformations tliat the 
writers have observed in the lambs of sheep grazed on seleniferous 
areas. 

Eeports on selenium malformations up to the present time have 
dealt with the structural anomalies observed. The present paper 
presents observations on the gross and histological changes that oc- 
curred in the eyes of lambs from mothers which had grazed on seleiiif- 
erous areas. Tlie malformations involved tlie extremities and the 
eyes. Tliis paper deals only with the gross and histological changes 
in the malformed eyes. 

^Received for xmblication August 19, 1946. Presented before tlie Rocky 
Mountain Section of tlie So(‘iety foi- Experimental Biology and Medicine. 

" Italic riuinbers in iiaratlienses refer to Literature Cited, p. 102. 
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MATERIAL AND ]\lE7rH0DS 

Two hundred and fifty malformed lambs were born in a gi'ouP 
2 100 ewes crazed on a seleniferous area, beventy-fiye percent ot tlie 
n’lalformed lambs died at birth and 10 percent died between the ages 
of a to 5 months. The lambs that lived longer were dwarfed, the 
extremities and eyes were deformed, and the reproductive organs were 
underdeveloped. Similar malformations were observed by Beath et al. 
(/) in animals on seleniferous areas in Wyoming. 

The malformations of the eyes of 16 animals were studied. In order 
to observe the sequence of changes which occur during growth, the 
lambs were killed at 2, 3, 4, and 6 months ot age. Analyses tor 
selenium in the blood, liver, and kidney were carried out on all ani- 
mals. In the younger group the selenium content ot the liver rangeU 
from 3.5 p. p.' in. to 5 p. p. m. and in the older group from 0.8 to l.o 
p. p. in. In previous experiments the writei-s {10) had observetl t hat 
about 30 percent of the daily selenium intake wsis eliminated iii the 
urine provided no kidney injurY was present. The tissues ot iiewlv 
born lambs, without congenital defects were free from or contained 
only traces of selenium, . 

All tissues were fi.xed in 10 percent formalin. 

Studies of the various organs showed pathologic changes similar to 
those observed in the blind staggers type of selenium poisoning re- 
ported by Draize and Beath iJ) and Rosenfeld and Beath {li). 

GROSS CHANGES IN MALFORMED EYES 
OBSERVATIONS 

The eyes of 2- to 4- week-old lambs showed a single large transparent 
cyst protruding from the bulbar conjectiva. As the lambs inatured 
these cysts ruptured and the eye proper could be observed. Ihe nor- 
mal position of the eye in the orbit was disturbed and the cornea was 
misplaced, either to the nasal or the temporal side. The cysts varied 
in size ancl were covered with fibrous tissue. i • . 

At riecroscop3^ microplitlialniia with multiple yysts and normal -size 
eyes without cornea and pupil were observed. The lenses were irns- 
placed or absent and the Avhole organ appeared to be tilled witli clear, 
transparent fluid. The sclera was fused witli tlie ethmoid, the frontal 
bones, or the floor of the orbit. In such cases the t\ves weri^ iixed and 
could not be rotated. Separation of the cysts fi'om the orbit residted 
ill the rupture of the cysts (fig. 1, A). Tliere wer<‘ larg(‘ pigmented 
epithelial and connective tissue folds overla[)ping the eyes < lig\ i, Ld. 
In the younger animals the eye appeari^d smalhn* (fig. K t ) l>(‘caus(‘ ot 
tlie smaller size of the cysts. In the older animals the only limit ing 
factor imposed on the size of cysts was the space available within the 
orbit. Tlie number of cysts varied from t wo to six per eyt‘ ( tig. 1 , ) . 

The origin and insertions of the muscles of the eye could not b(‘ deter- 
mined on account of the disorganized stinetural lu-rangeimmt and tlu^ 
protriision of the cysts. There were increased ])eriorbital fat and sonu^ 
gelatinous embryonic tissue. The orbital cavity usually tip[)eared 
normal, but occasionally some of the bones showed erosion and 
petechial hemorrhages caused by pressure of t!u‘ cysts. 

The eyes were sectioned through the antm-oposterior axis. An^ eye 
of soine sort was always ])reseut. No rdation Ixa ween tin* age ol the 
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animals and the development of structures of the eyes could be ob- 
served. The increase in size was due to the enlargement of the cysts, 
not to development of the eyes. The malformations in the eyes of the 
same animal were not identical. Usually the deformities showed a 
more extreme manifestation in the right eye than in the left (fig. 2, 
A). Eawles (’9) observed that chick blastoderms of the head process 
on the left side have a liigher developmental capacity tliaii those on 
the right. 

The various anomalies observed in the diffrent structurs of the eye 
may be described as follows : 

Cornea , — The cornea was small and thickened and many times was 



Figuee 1. — Malformations of eyes of lambs from mothers that had grazed on 
seleniferoiis areas: A, a, Posterior view of eye, showing remnant of ruptured 
cyst which adhered to floor of orbit; &, posterior view of several large cysts, 
i, a, Pigmented epithelial fold covering anterior part of eye ; large cyst with 
thin-walled elevated cysts; (J, a, Eye of 2-week-old lamb showing mict-ophthal- 
mia; b, eye of 2-week-old lamb showing remnants of bulbar conjunctival cyst, 
ia') and posterior large cyst (?/). I), a, Misplaced eye; b, three small cysts; 
c, one large cyst. All X 0.7. 


displaced laterally (fig. 2, /i). A gray opacity obscured the nomial 
division between the sclera and cornea. There was an extension of the 
episcleral tissue, and occasionally it showed some pigmentatiom 
Anterior and posterior chamiers . — In many cases the division into 
anterior and ] tester ior chambers Avas not Avell defined or Avas completely 
absent. In other cases the anterior chamber Avas shalloAv and the lens 
puslied forward, almost touching the cornea. 
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Ze,«._Congenita]. a,bsence of the lens obserTOcl, usually when 
the eyes were rudimentary in size (fig. 2, A) . Attachment of the lens 
to the retina or iris was observed in two cases. In one the lens ap- 
peared dumbbell-shaped and was covered by a continuous lens capsule. 
The lens was located postero-laterally ; one part ivas within the e.-se 
while the other part projected into the cystic cavity (fag. A A ) . 

/ris.—lii all cases the iris was rudimentary or absent, fhe muscles 
of the iris were absent. Occasionally the rudimentary ins was at- 
t ached and extended over the cornea. 


Figitee 2~L Left eye shows more advanced deYelonimMii and liiglmr sTniciurai 
differentiation than right eye: a, Cornea displaced laterally; h, cystic (\*nitie> 
and defects in walls of the eye; c, papillary projection on walls of oysta- 
cavities. B, Microphthalmia rudimentary separation into antmior and pos- 
terior chambers; a, Eye filled with loose connective tissue, kms alisem ; d, dis- 
placed cornea; c, large cystic cavities with communicating sinuses. Ail X u.i. 

Optic nerve^ retina^ arid clioroid. — Tlie opt it* nerve wtus td tsem. 
pliied or calcified. Sometimes it ended in the sclenn and iio direct 
connection between the eye and the optic nerve exist ml. In one cast* 
the optic nerve failed to clevelop, bnt an optic stalk and clioroid fissnrt* 
persisted. The optic stalk extended up to the i-udimetuary iris and 
remained ernbrvoriic in character, showing a (h*vt*]opinental arrest 
(fig. 3, 5). 


I 
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The retina and choroid at tlie posterior part of the eye were normal 
ill distribiitiorn The retina extended over and covered the interior 
of the cysts. 

Eclora .- — The sclera around the primitive eye was thin, not well de- 
fined, and showed various defects which formed enlarged sinusus 
connecting with the cysts. The number of defects in the walls of the 
sclera depended upon the number of cy^sts present. Almost all the 
eyes showed some sort of scleral defect. 

Gyst/lo Gcvvities. — The cystic cavities were filled with clear fluid which 
1 ‘esembled vitreous liumor. The cysts were bilocular or multil ocular 
and the thin septum of the cysts had small defects whicli permitted 
iiitercommunication between the cystic cavities. Tlie walls of the cysts 
were rough and uneven with various papillary projections. Tlie walls 
of the cystic cavities were covered with epithelium which in some 
places appeared pigmented ; in others pigmentation was absent. 

The single cystic cavities in the older animals ivere 6 cm. in diameter, 
Avhile the multiloculai* cavities were from 2 to 4 cm. in diameter. In 



ij imjiiE HmiiV)i} 0 ll”Sliapecl lens tliat fills eye cavity . Cj Hens pioti. iiciiiijiij into 

cystic cavity. B, Eye showing persistence of optic stalk : a, Optic fissure, lens 
absent, indicating definite developmental arrest; 1), large dilated cystic cavities; 
c, iris bent and fused to cornea. All X 0.7. 

addition to the larger cysts, there were numerous smaller ones from 2 
to O.o cm. ill diameter, forming irregular and complex structiira] 
a riiiiigements. 

DISCUSSION 

An iniderstanding of the development of the various anomalies 
observed in the malformed eyes can be obtained only if ive recognize 
the fact that embi’yonic growth and proliferation depend upon an 
unlimited supply of food and oxygen. Stockard {IS) has pointed out 
that tlie normal development of the embyro depends upon the stability 
of ceilain factors in the environment. Embi*yonic death, as well as 
monsti’oiis development, can be induced changes in the conditions 
of moisture, temperature, oxygen supply, the action of various chemi- 
cal substances, actinic rays, and dietary deficiencies. The malforma- 
tions which are piaiduced do not depend upon tlie specific teratogenic 
substance, but depend upon the time at which the developmental 
ai*rests occur. The development of a normal structure depends, not 
only upon a definitely located primordia, but also upon tlifi time per- 

791881 — 4:7 2 
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niitted for its development. Therefore, it must attain its supremacy in 
gi’owtli and proliferation during a limited period. Tiiis time -limited 
opportiiiiity for development is due to the growth competition between 
organs. Stockard (IS) stated that if the entire embryo is depressed 
or lias its developmental rate reduced, the rapidly developing struc- 
tures will be affected more seriously than the slowly developing ones. 
When normal growth rate is resumed the slow-growing parts are able 
to regain their ordinary rates, but the rapid-gro\ying organs are un- 
able "to resume their extraordinarily high rate of development, and, 
therefore, the rapidly developing ’ organs lose their extraordinary 
advantages and the organ fails to develop or is malformed. 

The abnormalities observed in these eyes shows deA^elopmental ar- 
rest, indicating that the anlage was there’but the potential for growtli 
and proliferation was lost. Some of the structures were in an em- 
bryonic state, wlrich was well demonstrated by the presence of the 
optic stalk and the persistence of choroid fissue and embryonic lens. 
The different manifestations and the various grades of abnormalities 
indicated that injury did not occur in these animals at the same stage 
of embryonic development. Development was more advanced in some 
cases than in others, and consequently structural development was 
more advanced in some than in otliers when injury occurred. Tlie 
postnatal age of the animals did not alter the defects in the structure 
of the eyes since the 3- and 6-montlis old animals had lens, iris, and 
corneal developments as primitive as those of a 2 -week-old animal. 
Another interesting point observed was the fact that grossly the struc- 
tures of the eyes did not show any of the degenerative clninges tliat 
would be expected if tlie cysts exerted excessi^n pressure. The normal 
pressure in the various cavities was maintained through tlie sinuses 
and defects in tlie walls of the cysts and sclera. This pressure equi- 
librium suggests that the fluid was not foreign in origin, but was |)ro- 
duced in the same manner as vitreous humor. 

HISTOLOGICAL CHANGES IN AIALFORHED EYES 
OBSERVATIONS 

Only a few histological studies of malfoinied eyes haia* been re|')oried 
in the literature. Franke et al. (S) studied tlie efl’cct of selenium in 
chick embryos but failed to give the histological or the gross changes 
that take place in the different organs. Warkanv^ et al. (’7.h //"') re- 
ported the histology of the malformations observed in the eyes of rats 
wliose mothers were on a vitamin-A-free diet. 

The eyes to be studied were fixed in 10 percent formalin. tnilxMlded 
in paraffin, and sections 10/^ to thick were cut. The se<*tion.'- 
stained with haematoxylin and eosin. with cojiper clirome Inuniato- 
xylin, and vith .Mallory's connective tissue stain. From earh eye Oo 
sections were taken at lOOw intervals. 

Although the structural malformations of the ey<‘s wei't* \ aried and 
niimeroiis, it was apparent that they were due to the failure of the 
various structures of the eye to fuse, lack of differtntiat ion, lack of 
growth, or cellular proliferation. The failure of the sclerti to fuse wa^ 
the most frequent defect observed. Wlieii tliis liajtpened the viire<)us 
humor was permitted to how into the mesoderm, wluna* multipli* <‘vst 
formation oceiii'red. 
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The histological structure of the sclera indicated that tliere was not 
only an adherence of the sclera to the boiyy orbit, but also that endo- 
chrondral bone formation ivas present in the sclei*a. This piucess iv as 
not an abnormal calcification but an active bone formation. The sclera, 
in addition to the normal cellular structure, contained many undiffer- 
entiated mesenchymal cells. 

The mesodern of the cornea failed to differentiate into its normal 
structures. The composition of the tissue was more like that of undif- 


Figure 4. — A, a. Bilocular bulbar conjunctival cyst covered with epithelial 
cells ; b, hyperplastic cornea. B, a, Pseudoanterior chamber ; b, bent iris ; c, ciliary 
lU'ocesses extending over anterior part of eye; d, embryonic retina; e, embryonic 
tissue; f. papillary projection in cystic cavity. C, a. Eye shows microphthalmia 
with rudimentary anterior chamber; h. embryonic retina ; c, lens extruded through 
defective sclera into cystic cavity, giving appearance of double lens because of 
curvature of lens ; d, defect in sclera. D, a, Embryonic lens almost jilling posterior 
chamber ; ?>, thin sclera ; c, embryonic tissue surrounding sclera ; d, hirge lateral 
cyst ; e, papillary projections on cyst shown in d. 

fereiitiated mesenchymal tissue with occasional pigmented cells and 
some connective i;issue. The epithelium covering the cornea was nor- 
mal in appearance except in a few cases in which epitlielial hypei*plasia 
was observed. In the eyes of the younger animals the bulbar conjunc- 
tiva formed systs which were covered with conjunctival epitlielium 
(fig. 4, rl). 
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Tlie anterior cliainber was rndiinentary, shallow, or absent. The 
iris, at times, was absent, bent, or fused with the cornea. The bent iris 
formed a pseiidoanterior chamber and brouglit about the displacement 
of the ciliary processes which extended over the enterior pirrt of the 
eye or were attached to the cornea ( fig. 4, B ) . The normal ciliary body 
was absent. Misplacement of the choroid occurred in one eye, and the 
choroid extended up to the anterior chamber Avhere the vessels were 
dilated and a newly formed thrombus was present. The lens were 
rudimentary, misplaced, embryonic in character, or absent. Misplace- 
ment of the lens was due to its fusion with tlie iris or with the retina. 
The lens attached to tlie retina passed througli the cjsstic cavity giving 
tlie appearance of a double lens (fig. 4, C ) . Occasionally the lens was 
liighly cellular in appearance and embryonic in size and almost filled 
the cavity of tlie eye (fig. 4, />). Tlie lens capsule was normal and tlu^ 
fibers were nucleated. The amorphous substance was imevenly dis- 
tributed and there were many vacuoles. 

In the abnormally everted portion of the cysts thei‘e was an absence 
of choriocapillary layers. Mann (7), discussing the abnormalities 
of the eye, states that the choriocapillaries of the choroid develop nor- 
mally only when it is in contact witli pigmented epithelium. 

The retinal tissue exhibited various abnormalities. In many cases 
the retina revealed embryonic separation and was composed of two 
hiyers (fig. 4, 0), Tlie inner layer was much thicker than the outer 
and contained some neutral elements; the outer layer was composed 
of pigmented epithelium. In some cases this primary optic vesicle was 
converted into a cystic cavity. The retinal epitlieliinn formed folds 
over the cystic cavities. At various areas in the cystic cavities there 
was a condensation of the epithelium, forming adenomatous arrange- 
ments (fig. 5, A), The core of the papillary projections was com- 
posed of nei*vous and connective tissue. There were ai'eas in tlie walls 
of the cysts in which the retinal epithelium was folded and hyper- 
plastic. The multilocular cysts were directh^ connected with tlie eye 
proper by multiple sinuses (fig. 5, B). The epithelium covei‘ing tiie 
sinuses was continuous with the cystic cavities and tlie retina of the 
eye. The walls of the cystic cavities were coniposed of fibrous tissue 
and lined with a perverse layer of retinal epitlielium. Vaidous inter- 
pretations as to the formation of perverse hrvering of tlie retina ha\’e 
been given. Wolff (IS) suggested that tliis type of layeidug is an 
actual detachment of the retina resulting from the increased snbretinal 
fluid which pushes the retina tlirongh the choroid fisstire into the loose' 
mesodeim. Cysts are formed in this manner by tin' comhmsation of 
tlie mesoderm outside the eye. 

There were secondary cysts within tlie largei* cysts which winv cov - 
ered both inside and outside with retinal e})ithelimii. I'he se<‘ondary 
cysts formed near the optic nerve, in the retina, outside tlie sclera, and 
within the wnill of the sclera or at the junction of tlu' atilcrior and 
posterior chambers. Surrounding the cyst was a large auunnu rd* uu- 
differentiated mesenchymal tissue. Within the cysti(* taivities occ*a- 
siomilly there were structures which resembled ciliary proc-cssi's cou- 
taining pigmented epithelium. These weia* attaclied to the walls of 
(be rudimentary eye and indicated that during the devabopuient of tlu' 
eye some (iis()igunization of the aiilage (xrurred. as thes(‘ striKUures 
developed outside the eve and within the cvsti(' cavit i('S. 
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Tlie optic nerve frequently showed ati;o])hy. In soine of tlie eyes 
tliere was no connection between the optic nerve and the eye. In tliese 
eyes the nerve ended diffusely in the postei'ior part of the sclera. In 
two cases tlie optic stalk failed to develop into the optic nerve. Tliere 
i\'as also lack of differentiation in all othei- striictiires. The viti*eous 
luinior ill the eye formed fine longitudinal fibrils and filled the cavity 
of the eye (fig, 5, G). The persistence of the optic stalky the choroid 
fissure, and the embryonic vitreous indicated that developmental arrest 
occurred early in embryonic development. Mann (7), corri^hiting the 
development of the eyes with the rest of the body, statics that in the 
35-mm. embryo the optic stalk is replaced by the optic nerve. 

Within the eyes and surrounding the eyeball there was a great deal 
of undifferentiated tissue. The presence of this embryonic undif- 
ferentiated tissue indicated that development was inhibited and its 



FiGXJiiE 5. — A, Eye composed ot two large cavities : a, Siirroiinded by sclera ; ?>, 
siuToiinded by embryonic tissues; c, lens abnormal in shape and attached to 
retina; i?, retina forming adenomatous arrangement at area of contact with 
lens; c, cyst outside eye proper lined with retinal epithelium; f, dilated cyst 
derived from i-etina. i>, a. Defect in wall of sclera; b, hiteix;ommunicating 
sinuses lined with retinal epithelium; c, ciliary process attached near scleral 
defect at posterior part of rudimentary eye; d, dilated secondary cyst ; c, retinal 
tissue forming adenomatous arrangement with dilated secondary cyst shown 
in d. C, a, Optic stalk; &, choroid fissure; c, filamentous vitreous; d, cornea, 
wiiicli a|)i)ears liomogeneous ; c, single layer of epitheUum covering cornea; f, 
muscle bundles disorganized and separated by large cyst ; fo, muscle bundle. 

potential for differentiation was lost. In contrast to this undif- 
ferentiated tissue were the tissues which maintained their develop- 
mental potential and differentiated at abnormal positions. 

DISCUSSION 


The malformed eyes investigated jiresented a bizarre histological 
jiicture. The mal arrangements of these structures may be explained 
as a. result of early embryological arrest and di.sturbance in the anlage. 
The factors which might have caused these changes are numerous. 
Tlie developmental arrest may have been due to decreased oxygen 
caused by the action of selenium. The lack of growth and cellular 
proliferation at certain developmental stages may liave been re- 
•sponsible for the rudimentary and malformed structural development. 
The decrease of vitamin A due to selenium may also have been a 
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contribiitiiig factor to these malformations. Tlie writers {11) have 
observed a decrease in vitamin A and ascorbic acid in selenium poisoji- 
irig, and Warkany {14) has described malformation of the eye with 
vitamin A deficiency where the vitreous was fibi‘OUs in character. 

jS"()]*mally inminants can synthesize ascorbic acid, aiid tlie embryo 
is able to supply the necessary amount of ascorbic acid for its develop- 
ment. The decrease in ascorbic acid during embryonic dpelopment 
may liave caused certain of the defects. The normal fiinction of 
ascorbic acid is to maintain the integrity of tlie intercellular substance 
of mesenchymal supporting tissues. Only in one case were there 
definite signs of vascular damage suggesting avitaminosis, although 
the failure of the different mesenchymal structures to maintain their 
continuity during embryonic development may have been due to 
vitamin C deficiency. 

Tlie fact that the'fluid present in the multiple cysts did not produce 
any gi*oss or microscopic pathological clmnges may be explained by 
the fact that the intercommunicating sinuses maintained the normal 
])ressui*e within the e 3 "es. 

The neural tissue within the cystic cavities, which formed tlie core 
of the numerous papillari’ projections, indicates that tlie epitlielium 
of the 1 ‘etina served as internal covering for the cystic cavities. 

Tlie derivation of the endochondral bone from the sclera observed 
in some cases poses an interesting question. In the lower* vertebi*ates 
tlie sclera is cartilagenous. Whet tier the presence of endocliondral 
bone within the sclera in mammals indicates a reversion under sti*ess 
to the less differentiated tissue or wliether tlie bone formation was due 
to misplaced mesenchymal tissue cannot be stated definitely. How- 
ever, the fact that endochondral bone was formed in the sclera in- 
dicates the pliirijiotentiality of meseneliymal tissue. 

SlUMiMARY 

A description of the gross malformations of the e\'es observed in 
the progeny of ewes grazed on seleniferous areas is presenter 1. Con- 
genital microphtlialmia, rudimentarv eyes, displacement of tlie lens, 
absence of the lens, lack or normal division between the cornea and 
sclera, microcornea, and colobomas of tlie various structures are 
described. 

Histological studies indicated that in tlie malformed eyes celluiar 
and structural misplacement occurred during tairli'^ embr^’onic dmadop- 
ment. Tlie majoritv of the defects involved the structures which 
developed from mesenclmne. Endochondral bone formation within 
tlie sclera indicaites the pluripotentiality of the mesenehymal tissue. 
Histological changes in the various structures of t he eyes an* discu.^stsl. 
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REACTION OF MOUNTAIN BROME AND CANADA WILD- 
RYE STRAINS TO HEAD SMUT (USTILAGO BULLATA)* 


By E. J. Kreizinger, formerly assistant agronomist, George W, Fischer, formerly 
pathologist, Division of Forage Crops and Diseases, Bureau of Plant Industry, 
Soils, and. Agricultural Engineering, Agricultural Research 
United States Department of Agriculture, and A. G. IjAYV, assistant agrononiist. 
I Vaskington A gri cu It u ra I Experim ent Station 

INTRODUCTION 

In tho Pacific Northwest and the Rocky Mountain States several 
species of forage grasses are commonly found afl'ected with head smut 
{Ustilago bullafa Berk.) in native stands and in plantings for liay or 
pasture, seed production, or soil and water conservation. Promiiuait 
among these species is mountain brome (Bromus rnarginatus N(N\sj, a. 
native perennial. This grass is one of the best forage species for use 
with sweetclover in the intermountain area. As part of a g(ui(‘raJ 
program for improvement of the species, attention has been given to 
head smut resistance. This paper presents the reaction of several 
agronomically superior accessions of mountain brome to various 
races of head smut in controlled inoculation tests. Elywms canaden- 
sis L., another native species which is susceptible to the same races 
of head smut, has also been tested and the results are included herein. 

MATERIALS AND METHODS 

E'ourteen accessions of mountain brome selected from (add collec- 
tions repi-esenting widely varying types from several A\h‘sUu-n vStates 
have been tested for degree of susceptibility to 4 races of head smut 
attacking this species. Two of these (race 5 and race 7) are among 
those described earlier,- and 2 (race 9 and race 12) are new races 
that have since been differentiated. The inoculations were peidomied 
by the partial-vacuuni method. The inoculated seed was germinated 
in plant bands in the greenhouse in late winter, and after the seedlings 
were well above the soil they were moved outside for vernalization. 
The vernalized seedlings were transplanted to nursery rows in the 
spring, and most of them headed well the following summer. The 
same procedure was used for 12 accessions of Elyrnus canadensis. 


^ Received for publication April 11, 1945. Grass-disease and grass-improve- 
ment investigations of the Division of Forage Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, in cooperation with the Division 
of Nursiu’ies, Soil Conservation Service, S. Department of Agriculture, and the 
Wasliington Agriciiltiiral Experiment Station, Pullman, Wash. Scientific Paper 
No. 522 of the Washington Agricultural Experiment Station. 

- Fischer, G. W. host specialization in the head smut of grasses, 
I STiLACo BULL AT A. Phytopathology 30: 991-1017, illus. 1940. 
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RESULTS 

111 1941^ 14 accessions of mountain broine were eacii iiioculated with 
12 collections of head smut from widely separated localities in the 
Western States, representing 4 physiologic races. At the same time 
12 accessions of Canada wild^-rye were inoculated w^ith. the same smut 
collections. The purpose of "^the experiment wais tw'ofold: (1) To 
obtain a comparative evaluation of the resistance of the mountain 
brome and Canada wild-rye accessions previously determined as being 
agronomically superior and (2) to obtain a comparison of the virulence 
of the 4 races of head smut and of the collections wiiich comprise these 
races. Data were taken in 1942 on a head-count basis, and the results 
are shown in table 1 . 

The data from these inoculations present some interesting results. 
In the first place, the differences between accessions in susceptibility 
to head smut are very great indeed. No 2 accessions of mountain 
brome gave the same reaction, the range of infection being 0 to 100 
percent. Oiity 2 accessions appeared resistant to all 12 collections of 
smut ; one (Wn~439) w^as practically immune, wiiile the other (P-~2133) 
appeared generally resistant or immune. Altliough several accessions 
of mountain brome were more or less infected by all 12 of the liead 
smut collections, none of the accessions was definitely susceptible to 
all of them. The nearest approach to this was P-3972, for wdiich the 
lowest pei'centage of smut wuxs 10, obtained with collection M-T (race 
7), and tne highest was 100, obtained with colh^ction M~Ci (race 9). 

A ready evaluation of the comparative resistance of tlie 14 acces- 
sions of mountain brome is provided in the susceptibility index in 
table 1. Neither the average percentage of smut nor the number of 
collections infecting is by itself a satisfactory index of susceptibility. 
The susceptibility index, the product of the average percentage of 
smut in a given accession and the numlu'r of coUections infecting that 
accession, is considered a much better measure. By this measure- 
ment the outstanding immunity of ^^11-439 is readily apparent as this 
accession has a susceptibilit}^ index of only 0.2. Other accessions also 
exhibit a high degree of resistance to most of the collections (Wn-438 
and P-2133 with, susceptibility indexes of 54 and 14, respectively), 
but they are more or less susceptible to 1 or 2 collections. Accession 
P-2133 (a reproduction of Wn--438) represents an early-maturing 
strain of mountain brome that has been in commercial production for 
about 10 jesiTB in Washington and probably elsewhere in the North- 
W’-est. Fortunately, it appears to be resistant. 

Very much the same results were obtained with the 12 accessions 
of Canada wild-rye, except that the general susceptibility was even 
higher than with the brome accessions. The lown^st susceptibility 
index wurs 104 and the highest w^as 904 (out of a theoretically possible 
1,200). Accessions P-788 and P-2389 both wuun high in suscepti- 
bility. 

Considerable differences in pathogenicity wnre observed in the 12 
head smut collections used in the inoculations summarized in table 1. 
The disturbing fact came to light that all of the 12 collections seem 
to be different even, though only 4 races are represented. Theoreti- 
cally, it might be expectecl that all collections previously identified as 
belonging to 1 race should have given the same reaction on the 26 
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Bromm and Elymus accessions inoculated^ but such certainly was not 
the case. Tlurbest instance for analysis is seen in collections M-I, 
M-Ib M"l 2 , M-R, M-T, and M~Y, all of which belong to race 7, 
on, the l)asis of the reaction of the head smut differential grasses to 
these collections. However, on the basis of the reactions of P-184] , 
P-5355, P-6268, P~6328, P-2624, and P-4824 these 6 smut collec- 
tions are all different. Similarly, the 3 collections belonging to race 
5 and the 2 belonging to race 9 are easily differentiated on the basis 
of the reaction of some of the 26 host accessions used. 

Further comparison of the 12 smut collections is possible by means 
of the virulence index shown at the bottom of table 1. The viru- 
lence index is the product of tlie average percentage of smut produced 
by a collection or race and the number of accessions of host plants 
which it was capable of infecting. Plere, again, the collections within 
a race seem to differ. Thus, according to this index, collection M-C 2 
is twice as virulent as collection M-Ci, and yet they are considered 
as belonging to the same physiologic race. However, it is not yet 
considered feasibhi to attempt to differentiate races by means of 
difFerences in virulence index. Rather it seems sufFicient to recognize 
that the physiologic races previousl}^ described in Ustilago bullata mv 
not genetic entities. The data in table 1 suggest that at least some of 
these races are composed of biotypes that can be separated by the us(‘ 
of additional hosts or strains within a host species. 

The experiment just described yielded one result of a discrepant 
nature. Accession P-3368 was infected by all 12 collections, with an 
average of 38.3 percent of smut, and a susceptibility index of 460 
(table 1). In previous preliminaiy tests this accession had exliibited 
a high degree of resistance and in the observational rows of the Soil 
Conservation Nursery at Pullman, Wash., it had remained smut-fre(‘ 
for several years. The sudden susceptible reaction of P-3368 in the 
present experiment was, therefore, unaccountable. It was decided to 
conduct further inoculation experiments involving P-3368 and 5 other 
accessions of mountain brorne of excellent agronomic qualities. 

In the second experiment six accessions of Brom us wei*(‘ 

each inoculated with four races of head smut. In tliis test, inocula- 
tions were made with mixtures of collections of each, race latlier tlian 
with individual collections, because the primary interest was in 
testing the grass accessions for resistance. In the hope of finding in 
the susceptible accessions smut-resistant indiAiduais tliat were 
agronoinically desiiable, the experiment was condiieted and data wevre 
taken on a spaced-plant basis. The inoculated seed was planted in 
the greenhouse, and the seedlings were transplant(‘d to ind'nddual, 
small, wood-veneer plant bands. A period of vei‘iialization pir^cMahMl 
the transplanting to the field in the spring of 1 943. IMost of tlie plants 
headed well in 1943, and reaction data Axerc taken in 1944. Tlust^ 
data are siiminaiized in table 2. 

The results of the second experiment (table 2) fuialier indi<*ale tlu^ 
apparent immunity of Wn-439 to head smut. This (‘xperimont 
reestablished the high degree of resistance in 1^-33(58 a ml nunh* tiu^ 
susceptible reaction of this accession in the first expcuinuuit t*vcn mort^ 
subject to question. The high degree of susceptibility of P -3972 aud 
P-5355 (susceptibility index 371 and 359, respectividv) again is W(41 
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demonstrated. However, in no case were 100 percent of the plants 
infected with smut. ^ The smut-free plants represent instances either 
of escape from infection or of genetic resistance. This investigation is 
being continued . 

It will be noted that in this second experiment accession P-2133 
appeared definitely susceptible to race 7 and race 12, a reaction quite 
in contrast to the general resistance manifest in the first test. In this 
connection it should be pointed out that preliminary inoculations in 
previous years had indicated that P-2133 is highly resistant to most 
collections of head smut but more or less susceptible to others. 

The reactions of the six accessions of mouiitain brome shown in 
table 2 do not reveal any great differences in the general virulence of 
the four races of head smut. All have nearly the same virulence index. 


Table 2. — Reaction of 6 accessions of Bronius niarginatus to 4 races of Ustilago 
bullata, and comparaiive virulence of the races 


Accession No, ^ 
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3. 0 

]2(> 

0. 4 

124 

.8 

72 

0 

3 

2.5 

8 

... 

07 

00. 0 

92 

84.8 

79 

0.5. 7 

54 

88. 0 

4 

92. 8 

371 

I’-'w.r) .. 

00 

09. 0 

04 

08.9 

m 

04. 0 

21 

00. 7 

4 

89. 8 

350 

... 

111 

oO. 0 

I2« 

24.8 

104 

03. 5 

123 

!.tS. 1 

4 

50. 3 

237 

Accessions smutted 



n 

.5 

4 




\veraJ?e percent smut .. 

42.4 

42.0 

45.0 

51 

9 . 




Virulence index 

2!t 


210 

230 

20/ 


















' See footMotc' 1, table 1. 

- There was insufficient seed of this aocessioti to provide the desired minimum of 100 plants per race of 
smut. 


The discrtqittnt results obtained with accession P-3368 of mountain 
brome, as cUvscribtHl, suggested error either in the identity of the seed 
used in tlie first experiment (table 1) or in the smut collections used as 
inoculum. The possibility of an error in the identity of the seed used 
seeiiKKl under the circumstances the more, plausible, and it was 
decided to investigate that possibility first. Seed of P-3368 produced 
in 5 different years was used: 1936, 1938, 1940, 1941, and 1942. The 
1940 seed was from the same lot that had been used in the first inocula- 
tion experiment, summarized in table 1, in which P-3368 was so 
generally susceptible. These five seed lots were each inoculated with 
six colh'^tions of head smut, five of which were the ones which pro- 
duced the highest percentages of smut on P-3368 in the first experi- 
ment. The seed was inoculated and planted as in the other experi- 
ments. The 1936 seed was no longer viable, and no stands were 
obtained. The data taken on a head-count basis are presented in 
table 3. 
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Table Z.— Comparative susceptihility of 4 seed lots of Bromiis P~3368 

produced in different years to various races and. collections oj Ustilago hullata 


Year S{>ed was produced 

Smut (head-count basis) produced by indicated race and 
collection 

A vernge 

Race 5 

Pace 7 
(M-Y) 

Race 9 
(M-Co) 

Race 12 

M-C 

M-L 

M-V 

M-Z 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

19:i8 . - 

0 

10.3 

4.3 

0 

0 

0 

2.4 

1940 

35. 4 

40.3 

62. 5 

74.1 

84.2 

GO. 3 

59. 5 

1941 

0 

. 5 

. 5 

4.9 

2.4 

2. 2 

1.8 

1942 

0' 

0 

0 

0 j 

.9 

0 

. 2 


A comparison of the results with the four sec'd lots of P---33 68 in 
table 3 indicates that the 1940 lot, which gave the discrepant results 
in the first experiment, was not accession P“~336S, as labeled, but 
probai)!}^ represents some susceptible selection of Broirius 
or peihaps another accession of the same grass. 

DISCUSSION 

From tlie foregoing results it appears that within th(‘ species Bromus 
marginatiLS there are strains varying maiivodly in tlKur rcaiction to 
I'aces or collections of head smut. Two types of mountain brome of 
economic importance are easily distinguished by their growth liabits. 
The first, represented by Wn-438 and P--2133, is an early-ma.turing, 
fairly leafy strain and the second, ivpresented by Wn 439 and P"~336S, 
is a late-maturing, very leafy strain. Both types are sa tisfactoiy with 
regard to seed yield, but the latter type by virtue of its lateness and 
Icafiness is the more desirable strain for use with sweetclover. 

Before accessions or selections are released for increase or coinme]*- 
cial production, reaction to head smut should be determined; and 
since resistant strains are available, preference should be given to 
these. While head smut can be controlled by proinu* staxl tread men t, 
the use of resistant or immune strains eliminates the* necessity of tins 
operation. In the present investigations, two accessions of mountain 
brome were outstanding for their resistance to Inaui smut: Wn 439 
and P-~3368. The first is a Washington Agricultural Expeu-iment 
Station selection; the second is an increast' of Wn 439 mad<' by tlic' 
Soil Conservation Service at Pullma,n, Wasli. Furtlier* study of 
strains of niountain brome is being made with the intend ion of ndens- 
ing tlie orn^ that proves most resistant to smut and at the same time is 
superior for use as forage. 

SUMMARY 

Fourteen accessions of mountain brome (Bromm nairglnalas) and 12 
of Canada wild-rye {Elymus canadensis) have been tested for susct^pti- 
bility to races of head smut (Ustilago hullata) known to artaCv moun- 
tain brome. Considerable differences in degree of sus<*eptibility w(‘re 
found in tlie mountain brome accessions, ranging from high r<‘sistan(*(‘ 
to liigh susceptibility. The same was true for Cannda wild-ry(‘, but 
this species was more generally susceptible thaii mountain hi*om(\ 
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\ Since some lines. of mountain brome are liigiily susceptible to bead 

smutj it is essential that the reaction to this smut be determined before 
strains of the grass are increased for seed or released for commercial 
production. 

It appears probable that none of the physiologic races of Ustilago 
bullata that have been differentiated and described represents a geno- 
typic entity, but rather that they are phenotypes whose component 
parts may be separated by the use of additional differential hosts or 
strains within a host species. 


OFFICE; !D47 



jotimoFAfflimimiBEARffl 


VoL. 75 


WashingtoNj D, C., August 15, 1947 


No. 4 


VARIABILITY IN PHOMA LINGAM ^ 

By Glenn S. Pound 

Formerly associate 'pathologist, Division of Fruit and Vegetable Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural 
Research Administration, United States Department of Agriculture 


INTRODUCTION 

In the Puget Sound section of Washington a species of Phoma has 
been found to occur regularly as a minor leaf spot and stalk rot patho- 
gen of seed plantings of cabbage {Brassica oleracea var. capitata L.) 
and Chinese cabbage (B, pelcineiisis (Lour.) Rupr.). On the latter 
host losses resulting from such infections have been important. The 
same fungus has also been found to cause mild infection on seed plants 
of turnip {B. rapa L.) and rutabaga {B. napobrassica (L.) Mill.). 

The Puget Sound section has become this Nation^s chief producer 
of cabbage seed primarily because seed grown there does not carry 
Phoma lingam Fr. (Desm.), the organism that causes blackleg, and 
Xanihomonas campestris (Pam.) Dows., the one that causes black rot. 
It became of interest, therefore, to determine the pathogenic capacity 
of these isolates of Phoma and to determine their relation both to the 
cabbage blackleg organism and to the organism of dry rot of rutabaga 
in Europe {8)'^ and New Zealand {2). This paper presents a descrip- 
tion of the Phoma that occurs in the Puget Sound section and consid- 
ers its variability in relation to that of P. lingam found associated 
with typical blackleg of cabbage in other sections of the United States. 


REVIEW OF LITERATURE 

In 1791 Tode {9, p. 51 and pi. XVI, fig. 126) described the blackleg 
organism of cabbage and named it Sphaeria lingam. Because he 
found the fungus occurring on dead cabbage stems, he considered it 
a saprophyte. In 1849 Desmazieres (3), however, collected the same 
fungus on living plants and transferred it to the genus Phoma. In 
DeWark in 1894 Rostrup (8) described a disease of rutabaga that 
he attributed to an organism which he named P. napobrassicae. In 
1918 Henderson (5) gave a detailed account of the occurrence of P. 

^ Received for publication December 23, 1946, Cooperative investigations of 
the Bureau of Plant Industry, Soils, and Agricultural Engineering and the Wash- 
ington Agricultural Experiment Stations at the Vegetable Seed Production 
Laboratory, Mount Vernon, Wash. Scientific Paper No. 680 of the Washington 
Agricultural Experiment Stations, Institute of Agricultural Sciences, State College 
of Washington. 

2 Italic numbers in parentheses refer to Literature Cited, p. 132. 
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Imgam in Wisconsin, where it caused severe losses in cabbage. Hen- 
derson did not mention variability of the causal organism, but he de- 
scribed two kinds of pycnidia that it produced. He stated that 
considerable evidence existed for placing P. napobrassicae in the 
species P. limgam. „ , ^ 

In 1905 Kirk (7) observed a dry rot of rutabaga in New Zealand 
and identified the causal organism as Phorna napobrassicae Kostrup, 
Cunningham (S) studied the growth rate, type, and pathogenicity 
of about 400 isolates from seed and other plant parts of rutabaga 
affected with dry rot. On the basis of growth rate and patliogenicit}^ 
to nongrowing rutabaga roots he divided the isolates into 2 groups. 
Group 1 contained fast-growing, nonstaling forms whicli were weakly 
pathogenic; group 2 contained slow-growing, staling forms whicli were 
strongly pathogenic. Cunningham also studied cultures of Phorna 
obtained from cruciferous plants in Wisconsin, the Netherlands, and 
Africa and concluded that the dry rot in New Zealand, England, and 
continental Europe was caused b3^ the same orgmism as blackleg of 
cabbage in the United States. He suggested P. lingam (Tode) Desm. 
as the correct binomial for the pathogen. 

Cunningham's study of seed transmission of dry rot stimulated a 
reinvestigation of the disease in England and Ireland, since most of the 
seed planted in New Zealand was imported from those countries. In 
1933 Hughes {6) essentialh^ confirmed Cunningham’s findings of 
strain-group relations as far as growth rate was concerned, but lie was 
not able to confirm his separations on the basis of pathogenicit^u He 
suggested the existence of one strain of Phorna lingani that occurred 
primarily on rutabaga in Europe and New Zealand and of aiiother that 
was associated with cabbage and various other crucifers, but not with 
rutabaga. Hughes presented limited evidence to support this idea. 
He concluded further that the strain associated with rutabaga was 
identical with the American blackleg organism and that both belonged 
to the species P. lingam. 

In 1934 Buddin (i) reported the results of his reinvestigation of d ry 
rot in England. He found that five of the seven representative 
isolates sent him by Cunningham did not conform to Phorna Urigarn 
and were weakty pathogenic. In fact, he identified some of tlieni as 
belonging to other genera of fungi. He was able to show, however, b\" 
single-spore cultures that considerable variability existed \v i t lii n 
P. lingam, largely in rates of growth and amounts of staling. He 
interpreted his observations to mean that the isolates comprised a 
graded series rather than clear-cut groups. 

Grove {/+, v. 1, p, 70) reduced Eostrup's species to varietal status as 
Phorna Imgam napobrassicae (Rostr.) Grove. 

From this discussion it is evident that, according to the International 
Rules of Botanical Nomenclature, the cabbage blackleg organism 
would be cited as Phorna Ungam (Fr.) Desm., since Tode is pre-Friesiun. 

MATERIALS :AND TMETHODS 

The sources of all cultures studied are given in (able 1. 

Single-spore cultures were obtained lyv pouring a veiy dilute^ conidial 
suspension from the mass cultures over the siulac'c* of wniov agar. 
After incubation for 24 to 36 hours the individual germinating spoi-es 
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were lifted with a needle under a stereoscopic microscope and eacli was 
planted in a culture tube containing suitable medium. The following 
system of ciilture designations was used: A letter, a group of letters, 
or a. w^ord followed only by a number represented a monocoiiidial 
isolate from one of the original mass cultures listed in table 1 (for 
example, Wll and PS40). Sectors arising from such single-spore 
cultures were indicated by placing after the designation of the single- 
spore culture the letter M and a number to indicate the order in which 
the sector arose. Tlius, Wll Ml was the first m.ycelial sector from 
Wll. Culture W11M2M1 was the first mycelial sector of the second 
mycelial sector from ^^'11. The letters SS and a niimber follow^ing a 
culture designation signified single-spore transfers of the isolate in 
question (for example, S26SS1). 

All spoi'e measiirements w^ere made imder an oil-immersion lens at 
900 magnifications. The spores were taken from a heaAuly sporulating 
culture on potato-dextrose agar and were mounted in glycerol jelly . 

All isolates that Avere studied comparatively were grown on media 
from the same source. 

Table 1. — Sources of all Phorna isolates studied 


Culture or disease 
designation 

State of origin 

Contributor 

Host 

Ivey to single -spore 
isolates 

Phoma Imgdm-- _ 

AA'isconsin--- 

J. C. AA^alker 

Cabbage 

AVI to W200. 
lowa-l to Iowa-30. 
NY! to N'Y28. 
AV300 to \V55(). 

81 to S50. 

PSI to PS150. 

PS 200. 

Cl to C25. 

Cabbage blackleg 

Iowa 

WL J. Hooker 

dol 

T3o 

New York 

AViseonsin 

C. Chiipp--- 

_ do _ __ 

1)0- 

R. H. Larson- 

do 

Phoma sj)__ 

Oregon 

AVashington-- 
_ do - 

L H. Vogel 

G, S. Pound 

do--. 

C li inese cabba ge „ . 
Cabbage 

■ Do...’ 

Do 

■ do 

Do 

California 

K. Baker 

Sweet alyssnm 





EXPERIMENTAL RESULTS 

ISOLATION OF STRAINS 

From a mass culture of Phoma from a Chinese cabbage plant in the 
Puget Sound section, 150 monocoiiidial isolates were established on 
potato-dextrose agar. As no Auiriability w^as noted ainong these iso- 
lates, one, PS40, Avas selected for further study. A second monoconid- 
ial culture, PS200, obtained from a mass culture from a cabbage plant 
infected by Phoma, in the Puget Sound section Avas also studied in some 
detail since it differed slightly from PS40. A third culture, Cl„.of this 
group, Avhicii differed only slightly from both PS40 and PS200, A^^as 
sent to the writer from California by Kenneth Baker. It Avas originally 
isolated from a seed field of Lohularia maritima (L.) Desv. 

Tavo hundred monoconidial isolates wei'e established from a culture 
of Phoma lingam received from J. C. Walker, of the University of 
Wisconsin. These Avere designated as WA to W200. From these 
isolates 2 distinct culture types Avere obtained on potato-dextrose 
agar. Six (represented herein by W43) of the 200 isolates were fast- 
growing cultures Avhich produced an abimdance of aerial mycelium 
and relatively fcAV pycnidia. The remaining cultures (represented 
herein by Wll) Avere all very slow in groAvth rate and produced an 
abundance of pycnidia, but very little aerial mycelium. 
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In February 1944 I. H. Vogel, of the Associated Seed Growers, Inc., 
gave the wiiter a leaf with a single Phorm lesion, snspected to be black- 
leg, from a cabbage plant growing at Salem, Oreg. Fifty monoconid- 
ial isolates (designated SI to S50) were made from the original culture 
obtained from the lesion. Three distinct culture types were found 
among these monoconidial isolates. One type (represented by Si) 
was very similar to the slow-growing type obtained from the Wiscon- 
sin culture. A second type (represented by S39) differed from the 
Si type only in the production of small, black, sclerotiumlike bodies 
on the potato-dextrose agar. The third type (represented by S26) 
was a fast-growing cultiu’e, which differed from the fast-growing iso- 
lates of the^Wisconsin culture in that it produced fewer pycnidia and 
a greenish-black pigment in the mycelium. 

Cultures obtained from blackleg material supplied from Iowa and 
New York were alike and practically identical with the fast-growing 
isolates obtained from the Wisconsin culture. Alonoconidial isolates 
lowa-H and NYl were selected to represent the cultures from Iowa 
and New York, respectively. From cabbage blackleg material 
received from Wisconsin in 1945, 250 single-spore isolates were estab- 
lished. All of these isolates (W.300 to W550) were essentially alike 
and practically identical with the cultures from New York and Iowa 
and with the fast-growing isolates obtained from the previous culture 
from Wisconsin. Thus, the following arbitrary groups and subgroups 
of Phoma, according to their characteristics on potato-dextrose agar, 
were obtained from cultures isolated from cruciferous plants. 

Group 1: 

A. Slow-growing isolates of Wisconsin culture. (Wll.) 

B. Slow-growing isolates of Oregon culture that produced no sclerotiuin- 

like bodies. (Si.) 

C. Slow-growing isolates of Oregon culture that produced sclerotiumlike 

bodies. (S39.) 

Group 2: 

A. Fast-growing isolates of Wisconsin cultures, as ^vell as cultures from 

Iowa and New York. (W43, NYl, Iowa“ll, and W307.) 

B. Fast-growing isolates of Oregon culture. (S26.j 

Group 8; Puget Sound isolates and the isolate from California. (PS40, .PS200, 

and Cl.) 

CULTURAL CHARACTERS OF STRAINS 
Growth Type 

Examination of table 2 will reveal that the various representative 
isolates had distinct cultural characters. Isolates PS40, PS200, and 
Cl were distinct from all others in the production of a yellow to 
brown, water-soluble pigment in the medium. Mycelial growth was 
much coarser than that of other isolates, and a yellow to tannish-brown 
pigmentation of mycelium was very distinct. Sporiilation was mod- 
erate. The pycnidia of PS40 and Cl usually occurred in clusters, but 
occasionally developed singly. 

Isalates W43, NYl, Iowa~ll, and W307 showed only minor differ- 
ences in type of growth. All produced an abundance of white to gray 
or grayish-brown aerial mycelium which ultimately became grayish 
black. No staling occurred at room temperature. Sporiilation was 
slight and pycnidia developed singly. 
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^ Isolate S26 was similar in many respects to NYl and Iowa-11, but 

it was distinct on potato-dextrose agar in the production of a mycelium 
that had a powdery sheen and later developed a characteristic green-* 
ish-black pigmentation from the center of the colony out. Sporulation 
was very slight; pycnidia developed singly and were irregularly 
scattered over the agar surface. 

Table 2. — Characteristics of representative Phoma isolates grown on mall-extract, 
oatmeal^ and potato-dextrose agars for 6 weeks at room temper ativre 


I 


I 


Isolate 


Malt-extract agar 


Oatmeal agar 


Potato-dextrose agar 


Wll 


SI 


S39. 


S26. 


Growth slow; staling ulti- 
mately complete; mat out- 
line very irregular with 
dendritic pattern during 
first 2 weeks, becoming 
rather regular later, but 
always less circular than 
those of other isolates. 
Aerial mycelium fairly 
abundant, white at periph- 
ery of mat, greenish black 
at center. Pycnidia very 
abundant, small, black. 
Black pigment beneath 
mycelial mat with age. 

Growth slow; staling ulti- 
mately complete; mat out- 
line always very regular. 
Aerial mycelium scant but 
more than on other agars. 
Pycnidia very abundant, 
scattered evenly over sur- 
face, small, black. Zona- 
tion distinct with dark 
center, grayish-brown 
midzone, and white pe- 
riphery. Differing from 
Wll chiefly in conspicu- 
ous zonation and regu- 
larity of mat outline. 

Almost same as Si except for 
more conspicuous zona- 
tion. 


Growth moderately fast 
(much slower than on 
potato-dextrose agar); 
staling very little; mat 
outline very regular. 
Aerial mycelium abim- 
dant, cottony, elevated in 
center, later becoming 
dirty white, tending some- 
what to collapse and form 
concentric rings. Pycnid- 
ia scant, covered by my- 
celium. Black pigment 
developing beneath fun- 
gus mat from center out. 


Growth moderately fast; 
staling slight; mat out- 
line regular. Aerial my- 
celium scant (much less 
than on malt-extract agar), 
grayish white, in some- 
what concentric rings, giv- 
ing a zonate appearance, 
Pycnidia very abundant, 
scattered evenly over sur- 
face, small, black. Slight 
black pigment beneath 
mycelial mat with age. 


Growth moderately fast; 
staling slight; mat outline 
very regular. Aerial my- 
celium very scant, Pyc- 
nidia very abundant, scat- 
tered evenly over surface 
at first, but in concentric 
rings later, small, black. 


Growth moderately fast; 
staling slight; mat outline 
regular. Aerial mycelium 
scant. Pycnidia very 
abundant, very conspicu- 
ously, concentrically zon- 
ate (very different from 
Wll and Si) , Resembling 
Si in other respects. 


Growth very fast; staling 
none; mat outline regular. 
Aerial mycelium moder- 
ately abundant, white at 
first, but becoming yellow- 
ish white, dense m center 
producing a bulPs-eye 
effect. Pycnidia very 
scarce. Slight pinkish pig- 
ment developing in center. 


Growth fairly slow; staling 
moderate; mat outline 
regular to very irregular, 
often with dendritic pat- 
tern. Aerial mycelium 
scant, grayish white; .sub- 
merged mycelium milky 
white. Pycnidia very 
abundant, scattered evenly 
over surface and sub- 
merged, small, black. 
Slight black pigment be- 
neath mycelial mat with 
age. 

Growth moderately fast at 
first; staling complete after 
3 weeks (ultimately dis- 
tinctly more than that of 
Wll); mat outline very 
regular. Aerial mycelium 
very scant. Pycnidia 
abundant, scattered evenly 
over surface and sub- 
merged, small, black. 
Slight zonation of alter- 
nating light and dark areas 
very pronounced; black 
pigment beneath mycelial 
mat; very different from 
that of Wll with age. 
Growth moderately fast at 
first; staling complete with 
age; mat outline x^ery 
feathery. Pycnidia scant. 
Sclerotiumlike bodies scat- 
tered over surface, but 
piling up in center, about 
(>.5 mm. in diameter, black. 
Differing from growth of 
S39 on other agars and 
differing distmetly from all 
other isolates in jiroduction 
of sclerotiumlike bodies. 
Pigment beneath mycelial 
mat very pronounced, 
black with age. 

Growth very fast; staling 
very little; mat outline 
very regular. Aerial myce- 
lium moderately abundant, 
coarse, powdery white at 
first, becoming greenish 
black from center out until 
whole mat involved. Pyc- 
nidia scant, relatively large. 
Differing from other iso- 
lates in greenish-black pig- 
ment and powdery sheen of 
mycelium. 
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Table 2. — CUiaracMri sties of representative Phonia isolates grown on niaU-exlract^ 
oatmeal, and potato-dextrose agars for 6 weeks at room temperat ure Con. 


Isolate 

Malt-extract agar 

Oatmeal agar 

lowa-lP. - — 

Growth moderately fast; 
staling- none; mat outline 
very regular. Aerial my- 
celium abundant, elevated 
in center, white. Pyc- 
nidia scant. Black pig- 
ment developing beneath 
mvcelial mat. Eesembling 
S2t). 

Growth very fast; staling 
none; mat outline regular. 
Aerial mycelium moder- 
ately abundant (niucli 
less than on malt-extract 
aaar). Pycnidia scant. 
Pigment developing slow- 
ly beneath mycelial mat, 
black. 

NYl 

Same as Iowa-11 except for 

Same as Iowa-11 except for 

W4:l.. 

much flatter mat center. 

Almost same as Iowa-11; 
resombling NYl except 
for elevated center like 
that of Iowa-11. 

less abundant mycelial 
growth and greater zona- 
tion with alternate rings of 
gray and tan-white myce- 
iiiim. 

Almost same as Iowa-11. 

\V307 

Not studied. 

Not studied. 

PS 10. 

Growth moderately fast; 

Growth very fast; staling 


staling none; mat outline 
very regular. Aerial my- 
celium very abundant, 
very coarse, white at first, 
but rapidly turning yel- 
low to tan to brown from 
center out and remaining 
much darker at center. 
Pycnidia scant to moder- 
ately abundant. Yellow 
; to brown pigment diffused 
throughout agar. 

none; mat outline very 
regular. Aerial mycelium 
very abundant, coarse, 
yellow brown. Pyiaiidia 
moderately abundant, usu- 
ally in clusters rather than 
evenly* scattered over sur- 
face. Conspicuous pig- 
ment developing through- 
out, pink at first, becom- 
ing yellow ish bro w n . 

PS200 

Same as PS40 except for 
noticeably lighter center 
of mat and finer mycelium. 

Not studied. 

m 

Not studied. 

... do 


1 

1 


Potato-dextrose agar 


Growl, h very fast: staling 
none; mat outline very regu- 
lar. .Verial myei'lium jnod- 
eralely abundanr, white to 
gray.’ Pyeiiidia at center 
scant, large; [)ycnidia lattn- 
scat t ered t h roiigdi o ut , 
small. Black pigment 
dc'vclopmg heiieaih myce- 
lial mat: agar occasionally 
pinkish. IMtlering from 
Wll and SI in type of 
growth and amount of 
sporulat ion; resiaiibling S2t> 
in many ri'S])ects. 

Same as lowa~ll except for 
being zonate at the periph- 
ery of mat- 


Almost same as Iowa-1 1 and 
NYl except for dense 
gree n ish-black ] ligment a- 
tion of central zone, which 
beeomc's studded witli 
pycnidia more (juickly than 
iowa-ll and NYl. 

Very similar to Iowa-ll, 
dilTering in that mycelium 
is grayish brown and 
S(»metiiiH‘s sulfur yellow 
in central zone. 

Growth very fast ; staling 
none; mat outline regular. 
j\erial mycelium abun- 
dant, very coarse, white 
'at' first, but changing to 
yellow to yellowish brown, 
becoming much darker in 
' cimter and producing a 
bull’s-eye elTect. Pycriid- 
ia like those • developed 
on oatmeal agar; also 
strietly aerial itycnidia in 
old eultur(‘S, alniiKlanr, 
black. 'i'eliow ])igment 
dilYused ihroughout agar. 

Same as PSIU except for 
at'rial inyeelium, white at 
tir.st and becoming le.ss 
brown and imae zonate, 
and pycnidia more abun- 
dant anti in coneeiitric 
zones. 

Vta-y similar to PS2i)0; cot- 
tony whitt‘ mycelium, 
bt'coming more grayish 
tirown than tarmisli brown. 
I'yenidle. ('Uistt'red in con- 
spicuous zonalt' rings. 


Isolate Wll was distinct from all others, but it was elos(‘sl to Si. 
On potato-dextrose agar it produced very little aerial myceliiiin, bui 
rather a milky- white submerged growth. Its growth oiilllnt' vois 
mostly irregular and often assumed a markedly dendritic pat,t(u-n. 
Sporulation was much more profuse than that of the fast-gr<)wing 
cultures. Pycnidia were closely arranged witli no scunblanei^ of eon- 
centric zonation. Ultimately cultures became staled and dark. The 
growth oiitline of isolate Si was regular in contrast to tlu^ diauli-itic 
pattern often produced by Wll, and a greater tendency lor zonation 
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existed; ultimately staling was more pronounced and cultures assumed 
a distinctly blacker appearance. 

Isolate S39 differed from Si on potato-dextrose agar in tke pro- 
duction of numerous black sclerotiumlike bodies (about 0.5 mm. in 
diameter) instead of small pycnidia. Pycnidia later developed in 
these sclerotiumlike bodies, and spore masses were discharged. 
Spore production, however, was much less than that of Si. A few 
small pycnidia like those of Si were occasionally produced along with 
the sclerotiumlike bodies. On malt-extract and oatmeal agars, how- 
ever, these sclerotiumlike bodies were not produced; instead, a pro- 
fuse development of small, black pycnidia occurred and the growth 
of isolate S39 was practically identical with that of Si. 

Ihe cultural characteristics of representative isolates at room 
temperature are shown in figure 1. 

Growth type at 30° C. was different from that at room temperature 
for most of the isolates studied. Isolate PS40 produced a much 
more intense pigmentation of agar, the pigment ultimately becom- 
ing plum red. The mycelium was coarser and much darker than at 
room temperature. Isolates Iowa-11 and NYl produced white to 
grayish-white mycelial mats with less mycelium and almost none of 
the pigmentation found at room temperature. Isolate S26 produced 
an elevated mycelial mat with considerable gi'ayish-black aerial 
mycelium and a hard stromalike growth beneath the mat at 30°. 
Both Wll and Si were regular in outline at 30° and produced a raised 
growth with considerable aerial mycelium, gray in Wll and grayish 
black in Si. A hard stromalike growth developed beneath the mat, 
and pycnidia were fewer than at room temperature. 

Growth Rate 

Tables 3 and 4 show that isolates Wll, Si, and S39 were very 
similar in growth rate at room temperature but that minor differences 
occurred. Staling of Si was more pronounced and its ultimate 
growth was less than that of Wll. Kegardless of the type of medium 
used Wll, Si, and S39 always grew slowly and eventually staled. 
Frequently fan-shaped growth developed from portions of a staled 
culture, giving it a very UTegular outline. These areas of new growth 
were often numerous enough to coalesce and the result was a con- 
siderable increase in growth diameter. Isolates S26, W43, NYl, 
Iowa-11, and PS40 were all very similar in growth rate, and staling 
rarely occurred at room temperatm*e. The growth outline was 
always regular, regardless of type of medium used. Isolate W43 
showed a considerably slower growth on rutabaga-dextrose agar than 
did others of this group. Isolates Cl and W307 were not included 
in these comparative tests. 

In table 5 comparative growth rates at room temperature and 30° C. 
for some of the isolates are given. At 30° isolates Wll and Si were 
very similar, both being much more severely staled than at room 
temperature. S26, a fast grower at room temperature, was severely 
staled at 30° and ultimately its growth was no greater than that of 
Si. Isolates NYl and Iowa-11 showed no appreciable difference 
in growth at the two temperatures imtil after 8 to 10 days, when 
growth at the high temperature became less than at room temper- 
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Fig iiRB 1 . — R,ei,:)resentative 
agar at room temperature: 
Wll;(?, S39. 
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atiire. Isolate NYl was staled more than Iowa-11 ; it was ultimately 
completely staled. Growth of both isolates at 30° fell considerably 
short of that at room temperature. Isolate PS40 had approximately 
the same growth rates at the two temperatures. 


Table 3. — Growth rates of representative Phoma. isolates in 6-ounce bottles, at room 
temperature, on nialt-extract and potato-dextrose agars 

[Each value is an av'erage from 3 single-spore cultures] 


Growth in indicated period (days) 



4 

7 

11 

13 

15 

18 

20 

40 


Milli- 

Milli- 

Milli- 

Milli- 

Milli- 

Milli- 

Milli- 

Milli- 

Malt-oxtract agar: 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

Wll 

2 

7 

10 

12 

15 

22 

26 

73 

SI 

2 

7 

12 

14 

IS 

26 

29 

71 

S39.„ 

2 

7 

12 

14 

19 

25 

30 

69 

S26 

3 

8 

18 

24 

31 

37 

43 

101 

W43 

4 

11 

20 

27 

39 

48 

55 

C) 

(0 

NYl 

4 

12 

24 

37 

47 

57 

65 

Iowa-11 

4 

14 

26 

38 

47 

57 

64 

(0 

PS40 

5 

18 

27 

37 

49 

56 

63 

(0 

Potato-dextrose agar: 

Wll : 

2 

9 

30 

40 

52 

59 

66 

92 

S1-... 

2 

14 

32 

38 

45 

51 

53 

60 

839 

2 

11 

32 

39 

49 

56 

63 

76 

S26 ' 

6 

28 

50 

65 

75 

87 

93 

0) 

W43 

8 

28 

48 

61 

81 

88 

(0 

0) 

NYl 

8 

33 

58 

74 

88 

(0 

(>) 

(') 

(*) 

Iowa-11 

8 

32 

58 

73 

! 88 

(') 

6) 

PS40 

11 

35 

57 

73 

84 

(0 

b) 

(0 


1 Growth had filled bottle and was beyond measurement. 


Table 4. — Growth ro.tes of representative Phoma isolates in 6-ounce bottles, at room 
temperature, on rutahaga-dextrose agar 

[Each value is an average from 3 cultures inoculated with 3-mm. agar disks from 10-day-old cultures] 


Growth in indicated period (days) 


xscuaic 

1 

3 

5 

7 

9 

11 

13 

15 

17 

21 


Milli- 

Alilli- 

Milli- 

Milli- 

Milli- 

Milli- 

Milli- 

Milli- 

Milli- 

Milli- 


meters 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

Wll 

5 

10 

16 

25 

34 

37 

42 

47 

51 

57 

SI 

5 

14 

22 

29 

36 

38 

41 

43 

44 

50 

S39 

7 

18 

28 

36 

40 

42 

43 

45 

46 

47 

S26 

8 

21 

33 

45 

60 

73 

81 

88 

97 

(>) 

W43 

5 

11 

22 

35 

47 

54 

58 

63 

69 

70 

NYl.., 

7 

20 

33 

48 

65 

79 

89 ! 

102 

(0 

(1) 

Iowa-11 

8 

22 

35 

49 

65 

81 

92 

104 

(0 

(•) 

PS40 

7 

19 

31 

45 

60 

74 

83 

95 

(>) 

C) 

PS200 

6 

19 

31 

44 

60 

75 

87 

99 

(1) 

(d) 


1 Growth had filled bottle and was beyond measurement. 


STABILITY OF STRAINS 

Numerous mycelial transfers and single-spore subcultures were 
made of the isolates being studied. Several saltant strains were 
isolated from the single-spore cultures. These saltant strains were 
just as stable through successive transfers as the parent strains. 
Mutants arising as mycelial sectors occurred most frequently in cul- 
tures subject to staling. This was especially true of isolates Wll 

750541—47 2 
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Table 5 —-Gro'ivth rates of revresentaiive Phoma isolates in B-ounce bottles, at rooyn 
temperature and 30° C., on potato-dextrose agar 

[Each value is an average of 8 hypha-t ip cultures of each monoconidial isolate] 


Isolate 


Wll.--- 

Sl 

S26 

NYl.— 

Iowa-11. 

PS40.... 


Temperature 
C° C.) 


/Room 

/Room 
130 °.,.. 
/Room 
130°..., 
/Room 
130°.... 
/Room 
130°..., 
/Room 
130°. -- 


Growth in indicated period (days) 


MilH-l 

meters 

6 

4 
10 

3 

22 

5 

23 

24 

25 
27 
25 
30 


meters 

10 

8 

22 

0 

39 

39 

39 
42 
45 

40 
48 


MUIH 
meters 
28 
10 
31 
8 
53 
8 
53 
46 

57 

58 
52 
62 


Mmi-\ 

meters 
39 
13 
39 
10 
67 
10 
66 
50 
71 
67 
65 
73 


14 

16 

18 

22 

27 

33 

51 

MUU- 

Mim- 

Milli- 

Milli- 

Mnii- 

Milli- 

MiUi- 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

51 

61 

69 

So 

97 

104 

(') 

16 

19 

21 

25 

27 

30 

34 

44 

50 

54 

63 

72 

79 

(0 

14 

19 

23 

27 

31 

35 

41 

82 

96 

(4) 

f ’) 

0 ) 

(0 

0 .) 

13 

16 

IS 

21 

1 24 

29 

39 

80 

91 

98 

0) 

! 01 

(’). 


53 

54 

57 

60 

65 

68 

77 

84 

97 

(0 

(h 

(') 

(1) 

(’) 

74 

77 

SO 

83 

87 

94 

(>) 

SO 

93 

0) 

(’) ! 

(0 

(>) 

(>) 

87 

97 

(0 

(1) 

(’) 

0) 

(') 


1 Growth had filled bottle and was beyond mea.snrement. 

and Si oTowing at 30 *^ C. Practically always the saltants grew faster 
than the parent strains. Growth characters on potato-dextrose agar 
of some of the sal taut strains are as follows: 

WllMl — Fast- 2 ;rowing, white sector that arose at 30° C. Outline of mycelial 
mat regular but feathery; aerial mycelium abundant, white, with conspicuous 
cottony balls; pigment beneath mat slight, pinkish; at room temperature sporuia- 
tion moderate aiid pycnidia very large, angular, and compound. , , ^ 

WIIM 2 — Fast-growing sector that arose at 30 C. At room temperature 
outline of myceliar mat regular; pycnidia abundant, small, black; growth resem- 
bling that of Wll. At 30° growth faster; pycnidia moderatcdy abundant, sniall, 
black; pigment beneath mat greenish black; growth very ditlerent from that ot 

— Fast-growing, white sector that arose at room tempGrature. i\Iy- 
celium white, mostly submerged; pycnidia abundant, small, with thin, 
walls; spore discharge heavy, giving entire surface a bright-pmk color; distincti} 

different from other isolates. - ^ ^ , 

WllMA — Fast-growing, white sector that arose at oO F. 1 ycmciia scant, 
small, black; differing from WllMl in almost complete absence of sponilation 

at room temperature. ■ ^ wroo - .l ^ n 

WS3M3 — Fast-growing, white sector that arose from \\o3, a sister culture 
identical with WIL atroomi temperature; almost identical with \V43 and Jowa-'ll. 

TF55M5.*— Yellow-tan sector that arose at room temperature. Mycelium al- 
most entirely submerged; pycnidia none; sclerotiumlike bodies yellow, 0.2p to 

0.5 mm. in diameter; medium pigment yellow. .7 

W33MS. — Fast-growing, white sector that arose at room temperature; identical 

Fast-growing sector that arose from staled culture at room tempera- 
ture; identical with S26. ^ ^ , ... 

SI Ml Ml. — Fast-growing, fieshlike, white sector. Mycelial mat diuise, viute, 
ultimatelv pinkish; sponilation and pigmentation slight. Cirowth of ihi> t\pe 
in many S cultures, often overrunning cultures that were untouched lor s(‘\erai 

— Fast-growing, white sector that arose in staled culture at 30° C. 
Growth rates same at 30° and room temperature; aerial mycelium pinkish white; 

sponilation none; with age very similar to SI Ml Ml. 

SIM 4 . — Fast-growing, white sector that arose at 30 C. Mycelium vith 
cottony balls like that of WllMl; pycnidia very large, compound, like those oi 

WllMl; very distinct from all other S cultures. 

S39M1. — Sector that arose in staled culture at 30 C. ; niyceliuin abunciaiit ; 
pycnidia none. 
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S26M.1. — Fast-growing, white sector that arose in staled culture at 30° C.; 
m^'celial pigment yellow green. 

S‘26SSl . — One of 10 single-spore transfers; identical with SI. 

S6M1 . — Sector that arose as a fieshlike, white growth in S6, a sister culture 
identical with SI, at room temperature; identical with Si M3. 

S6M1M1 . — 'Sector that arose at room temperature ; identical with S26. 

lowa-llMl . — Sector that arose at room temperature; mycelium abundant; 
pycnidia none; pigment none. 

Iowa~llSSl .—One of 10 single-spore transfers, indistinguishable from Wll 
at room temperature, but with 3 times as much growth at 30° C. 

Other saltations that occurred are not listed here. The fleshlike 
types were recovered particularly from the S isolates. Of the orig- 
inal 200 single-spore isolates of the W series more than 60 changed 
from the slow-growing, small-pycnidiate type to the fast-growing, 
large-pycnidiate lowa-ll type during a 7-month incubation in test 
tubes without transfer. One changed until it was identical with 
W11M3 ; 1 was identical with W33M3: 2 were identical with W11M4; 
and others showed intermediate rates of growth and degrees of spor- 
ulation. Very similar changes occurred in the S series during the 7- 
month period; many of the Si type changed to faster growing forms. 
One recovered was identical with Si M3; 1 was identical with SlM4; 
and several were of the S26 type. These data seem to indicate that 
slowTgrowing forms frequently change to fast-growing types when 
conditions for growth are unfavorable. During the 7 months without 
transfer the cultures had dried down considerabl^v 

It may be noted that some of the different groups set up on page 
116 have been found to be linked together by saltation. Tluis, the 
fast-growing type of group 2 A was derived from the slow-growing 
type of group 1 A in W33M2 and W33M5. Similarly, group 2 B 
was derived from group 1 B in SlMl and SGMlMl. Also group 
1 A was derived from group 2 A in Iowa-1 iSSl, and group 1 B was 
derived from group 2 B in S26SS1. In addition, several distinct 
forms such as WllMl, W11M3, S39M1, and lowa-llMl were 
isolated. 

No sectoring was ever observed in isolate PS40, 

MORPHOLOGY OF STRAINS 

In table 6 are given the sizes of conidia of various representative 
isolates. It can be seen that there was relatively little difference iu 
the widths but that differences did occur in lengths. The isolates 
obtained from the East (Wll, Iowa-11, and NYl) did not differ 
much in spore size; nor did the isolates of the S series (Si, S26, and 
S39). However, conidia of the S group were noticeably shorter 
than those of the eastern group. Conidia of isolate PS40 were still 
shorter, but their lengths were nearer those of the S isolates. The 
close agreement of the sizes of the conidia of the S isolates might 
suggest their origin to be somewhat removed from that of the isolates 
from the East. 

The sizes and the types of the pycnidia are given in table 7. The 
isolates were not grouped for pycnidial size as they were for spore 
size. A great diversity of pycnidial size and shape occurred among 
the isolates. Although pycnidia of a single isolate varied consider- 
ably in size and shape, they 'were regular enough to be characteristic; 
Wll and Si always produced small pycnidia, and Iowa-11 and NYl 
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always produced large ones. When a slow-growing, small-pycnidiate 
form gave rise to a fast-growing type, there 

change in the size of the pycnidia (for example, W3oM2, Wo3M5, 

and SlMl). 

Table ^.—Meamrements of conidia of representative Phoma isolates grown for 2 
loeeks on potato-dextrose agar 

[Measurements of 100 spores except as indicated] 



Width 

Length 

Isolate 

Average 

Maximum 

Minimum 

Average 

Maximum 

Minimum 

Will - 

1.69 

At 

2. 50 

1. 08 

At 

4.34 
4. 39 

^5.83 
5. 83 
5.83 
5.50 
5. 87 
5.91 
5.80 

M 

3.25 

Iowa-11 --- 

1. 67 

2. 08 

1. 08 


NYl 2 

1.73 

2. 33 

1. 17 

4. 41 

4. 08 

4. 07 
4. 09 


SI 

1. 66 

2.08 

1.25 


S39 

1.62 

2.33 

1.00 

(5. Zo 
o 1 '7 

S26 - 

1.66 

2.50 

1.25 

3. 08 

PS40 

1.62 

2.08 

1. 25 

3.97 1 


1 







1 150 spores measured. 

2 50 spores measured. 

Table 7. — Sizes and types of pycnidia of various Phoma isolates and ikeir saltants 
grown on potato-dextrose agar at room temperature 

[Measurements and observations on 100 pycnidia of each isolate] 


Isolate 

Average 

width 


At 

Wll 

179 

WllMl 

650 

W11M3 

156 

SI - 

139 

S1M4— 

744 

S26 

236 

S39 

633 

Iowa-11 

385 

W43- — - 

332 

PS40 

340 


Description of pycnidia! type 


Size and shape rather regular (round to broadly flask-shaped with broad base; 
slightly beaked and slightly papillate) ; usually simple, but sometimes com- 
pound'; decidedly black; spore masses readily discharged. , 

Regular and roundish at first, but becoming irregular and angular with 
numerous fingerlike protuberances thought to be small pycnidia; spores not 
readily discharged, but large masses released by crushing. ^ 

Shape very similar to that of Wll, but size noticeably smaller and \\ all color 
noticeably lighter; pycnidia made pinkish by spore masses even before dis- 
charge; spore masses discharged profusely. 

Size and shape similar to those of 11 except smaller and slightl> more flask- 
shaped. 

Indistinguishable from WllMl. ... 

Size rather irregular (some flask-shaped like those^ of bl; others roundish 
like those of Iowa-11); lighter colored than those of bl; spore discharge slight. 

Sclerotiumlike bodies large, roundish, smooth, hard, black, with slight spore 
discharge at different points, probably indicating presence of pycnidia that 
developed peripherally in them. .. i, i,, 

Size and shape in general rather regular (large, roundish) ; occasionally bi aktci, 
irregular, and compound; lighter in color and more papillate than those of 
Wli; spore masses readily discharged. 

Almost same as Iowa-11. .. 

Size and shape very irregular (some very small, flask^shaped hke of 

Wll others large, round like tb.ose of Iowa-11, distinctly beaked), many 
simple, others compound; black. 


PATHOGENICITY OF STRAINS 

Numerous tests were made to determine tlie patliogemcdty ol repre- 
sentative isolates and their saltants. One method of inoculation \vas 
bo soak seeds of the host species being tested in a spore suspensKui lor 
18 hours before planting. Within 2 weeks the emergt^ seed ings 
ieveloped cotyledonary lesions and severe damping-ori . Isolates 
PS40, PS200, and Cl were easily distinguishable from all others by 
diis method. The cotyledonary lesions caused by these isolates 
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appeared 3 to 5 days earlier than those caused by other isolates and 
were of a distinctly different type; usually they were marginal and 
chocolate brown from the beginning and enlarged slowly; the pycnidia 
produced on the lesions were few, relatively large, and more* brown 
than black. Cotyledonary lesions produced by all other isolates 
were almost identical and appeared as shrunken, dark-green areas, 
which rapidly enlarged and became thickly studded with pycnidia 
before the lesion surfaces became dark. Results obtained on radish 
(Raphanus sativus L.), Chinese cabbage, cabbage, turnip, rutabaga, 
kale (Brassica oleracea var. acephala DC.), and brussels sprouts 
(B. oleracea var. gemmifera Zenker) in one such test are given in 
table 8. It is apparent that isolates Si, S39, and S26 were generally 
less virulent than the others. 


Table 8 . — Results of inoculating seeds of various cultivated crucifers with repre- 
sentative isolates of Phoma 


ApiJroximate portion of seedlings of indicated species killed 


Isolate 

Radish 

Chinese 

cabbage 

Cabbage 

Turnip 

Rutabaga 

Kale 

Brussels 

sprouts 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Wll 

40 

80 

80 

60 

100 

100 

100 

SI 

1 40 

40 

60 

40 

100 

60 

40 

S39 

20 

40 

40 

20 

60 

60 

40 

S26 

20 

20 

20 

20 

40 

40 

40 

NYl 

80 

100 

1 100 

40 

100 

100 

80 

W43 

60 

80 

80 

60 

1,00 

100 

100 

PS40 

80 

100 

100 

1 

40 

i 

60 

100 

100 


Inoculations of older plants were made by spraying the leaf surfaces 
with spore suspensions and by sponging leaves previously sprinkled 
with powdered carborundum with a ball of absorbent cotton dipped 
in a spore suspension. The carborundum removed some of the bloom 
and thus increased the wetting of the leaves. Stem inoculations were 
made by dipping roots of small seedlings in a spore suspension before 
transplanting and by pouring spore and mycelial suspensions on the 
surfaces of soil in which plants were growing, with and without wound- 
ing the stems. In table 9 are given the results obtained with large 
plants of cauliflower {Brassica oleracea var. botrytis L.), broccoli 
(jB. oleracea var. botrytis L.), rape {B, napus L.), and other species. 
On leaves of brussels sprouts isolates Si, S26, S39, and PS40 pro- 
duced very similar effects. Black necrotic flecks surrounded by a 
conspicuous chlorotic halo developed at the infection sites. These 
flecks enlarged very slowly and rarely exceeded 5 mm. in diameter, 
but occasionally they developed into extensive necrotic areas. Sporu- 
lation was slight. Isolates Wll, lowa-ll, W43, and NYl produced 
much more extensive necrosis than the other group, causing complete 
blighting of the leaves. Lesions did not develop the conspicuous 
halo produced by the other strains, Sporulation was slight. On 
stems of brussels sprouts the isolates differed from each other only 
in virulence and in degree of sporulation. All produced lesions 
typical of blackleg, but none was as virulent as on cabbage or cauli- 
flower. 
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-p.p,,, a— Results of inoculating leaves and stems of various cultivated crucifers 
loith representative Phoma isolates and their saltanls 

[+, slight virulence; ++, moderate; +++, severe; ++++, very severe] ^ _____ 


Isolate 


wn 

WllMl- 

W11M2-. 

W11M3- 

W11M4.. 

SI 

SlMl--- 

S1M4.... 

S26 

S26M1.... 

S3 9 

S39M1-. 

lowa-lL. 

W43 

NYl 

W307.-.._ 

PS40 

Cl 


Virulence of symptoms on host indicated 


Cabbage 


Leaves Stems 


++++ 

++ 

H-++ 

+ 

++ 

++4* 


++++ 


+++ 

+++■ 


H — hd — f“ 

+•4-4“ 

I ■+■4-4' 4- 


-+-+■+- 

■+-+-1- 


++"+• 


+++ 

■+++ 


+++-+ 

+•+■+-+• 

+-+++- 

+-+-L+ 

++- 

d-+ 


Brussels 

sprouts 


Leaves Stems 


_j — I — I — [- 

+-H 

+++- 

■4 

++- 

++- 


d-d" 


d-d-d-d- 

+d-d-d- 

d-d-d-f 


d-d- 


-fd-b 

d-d- 

d-d- 

d- 

+-bd- 

-bd- 

d-d- 

-b 

d — b 
-b-b 
d-d- 
d-b 
“b 

d-d-d", 

4"4'4-! 

d-d-b 


d-d-d- 

d“44- 


Cauliflower 


Leaves |s terns 


Broccoli 

leaves 


-b-bd- 

_b-b 

-b-P-b 

_b 

“b 

d_d- 

-b-b 

“b 

_i_ 

-bd- 


+-b 


d-d-d- 

4-4-4- 

d-d-d- 

-b-b-b 

-bd- 

-b-b 


-b-b+ 

-b-b 

-b-b-b 

_j_ 

-b-b 

d-d- 

d-d- 

d- 

d"b 

+d- 


-b-b 


,d-d-b 

1 4" 4 — b 
■+■•+"+• 
44"b 
++ 
“b-b 


■+-d"b-b 
d-d-d- 
-b-b-bd- 
d — b 
d-d-b 
-b-b 
-b-b 


d-d- 


d-+d-b 

-b-b-b-b, 

-b-bd-d- 

-b-b-b-b 

d-d- 


Tui-- 

nip 

leaves 

Ruta- 

baga 

leaves 

Kale 

leaves 

Chinese* 

cabba.i’e* 

leaves 

Rape 

leave's 

-b 

+-b-b-b 

-b+-b 

~b-b 

+f+ 

-r 

-b 
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On leaves of cabbage, cauliflower, and broccoli symptoms pro- 
duced by PS40 were distinct from all others except those produced 
by W11M3, which thej^ closely resembled. Numerous black necrotic 
flecks developed in 6 to 10 days. These small lesions enkrged very 
little before the leaves became chlorotic and abscised. Sporulation 
was scant to none. Occasionally a few lesions enlarged and developed 
licrht centers and pycnidia as in nature. Several weeks were required 
to reach this stage. If the spore load used was not very light, the 
leaves fell off brfore this stage of deyelopmeiit was reached. On 
cabbage and cauliflower isolate Cl was identical witli PS40. Isolates 
WipVllMl, W11M2, NYl, Iowa~ll, W43, and \\307 produced 
identical symptoms as circular lesions which rapidl}" enlai*ged, co- 
alesced, and caused complete necrosis. Affected tissue collapsed as 
if killed by steam and was covered with pycnidia wliiie still dark 
o-reen E^mntually the lesion surfaces became aslien gray. Isolatc^s 
S.1, S26, S39, SlMl, and SlM4 produced similar symptoms hut wei'c 
c>-enerally less virulent than the eastern isolates. Isolat(^ 1 1 M3 was 
tmry much less virulent than Wll and prodiU‘ed symptoms m(>r(‘ like 
those of PS40. Typical symptoms prodiuaMl on, broccoli leaves liy 
isolates Wll, PS40, and WllMa are shown in figmv 2. 

On the stems of large cabbage plants (lig. 3) all the isolates tested 
produced lesions typical of blackleg. Again PS40 and tlu‘ S isolates 
were less virulent than Wll, NYl, and lowa-li. Isolates oi tlu‘ 

second group often killed the plants. 

Oil leaves of Chinese cabbage isolate Pri40 was distimu irom ail 
others tested (fig. 4). Numerous black fl(H‘ks a[)peariH| 2 to 4 days 
before symptoms were produced by oth(‘r isolah^s. 1 luye angular 
lesions developed very slowly and reached a diaimdcu- of not more 
tlian 3 to 5 nim. before the leaves l)ecame yellow and abs^sed. 
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CURE 3.-””Svinptoms produced on stems of large cabbage plants by various 
Phoma isolates: A, Iowa~ll; NYl; C, Wll: D, uoinoculatfai; K, h2(); /y 
839; G, SI; H, PS4.0. Note that the lesions produced by tlie (‘astern isolattvs 
(Iowa-11, NYl, and Wll) are more severe than those produced l>y the \v(‘steru 
isolates (S26, S39, SI, and PS40). 
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Figure 4 . — Symptoms produced on Chinese cabbage leaves by Phoyna isolates: 
A, Iowa— 11; and ii, PS40. Note abundance of pyciiidia on lesions produced 
by lowa-ll and the flecking only produced by PSiO. 


Sporulatioii was scant. When a very light spore load was used, how- 
ever, lesions reached diameters of 10 to 20 mm., became brown, and 
were covered with pycnidia. When the infections occurred on the 
fleshy petiole, necrosis often extended to the leaf axil and lesions 
formed on the stems. These symptoms approximated those occuiTing 
in nature. Isolates Si, S26, S39, W^ll, NYl, and Iowa-11 caused 
small flecks, which rapidly enlarged and became covered with pycnidia 
before extensive necrosis was evident. There was little difference in 
the symptoms produced b}^ these isolates. 

On turnip leaves all isolates produced only pin-point necrotic 
flecks. These lesions did not develop beyond the fleck stage, and no 
abscission resulted. No isolate sporulated on this host. On rutabaga, 
however, all isolates produced extensive infection and brown necrotic 
lesions up to 20 mm. in diameter. All isolates produced similar 
effects on this host, but PS40 and Cl were less virulent than the others. 

In the spring of 1945 rutabaga plants in midbloom were sprayed 
with spore suspensions of Si, S26, S39, Wll, NYl, Iowa-11, and 
PS40. At biweekly intervals during the remainder of the blossoming 
period the plants were watered with a hose nozzle to simulate rain- 
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storni conditio IIS. At maturity the pods were examined and lesions 
typic^al of those caused by Pho^na lingam were found on pods inocuiaded 
with all isolates (fig. 5). The lesions produced by isolate PS40 
differed from the others only in producing fewer pycmdia beed 
from infected pods was accidentally destroyed before a test lor seed 
transmission could be made. 



Figure 5. — A, Healthy rutabaga seed pod. B-G. Lesions produced on rutaliaga 
seed pods by various Phoma isolates: B, Si; C, S26; 1), S39; E, Wll: F, XYl; 
<7, PS40. Note similarity of the lesions. 


Thus, in the pathogenicity tests recorded isolates of the S series 
and PS40 were nearly always found to be less vii'ulent tlian isolates 
Wll, NYl, and lowa-ll. Isolate W11M3, a saltant of Wll, was 
much less virulent than Wll and more like PS4() in the type of 
symptoms that it produced. 

DISCUSSION 

The disease caused by a Phoma species described in this paixu' lias 
been observed to occur regularly in the seed-growing district of tlu^ 
Puget Sound section of Washington. Only traces have been found 
in cabbage fields, where it caused scattered leaf lesions and 0 (*casional 
stalk rots of seed plants. Typical blackleg of cabbage, however, lias 
not been observed in this district. The same species of Phoma has 
also been observed to infect rutabaga, turnip, and Chinese cabliage 
seed plants in the Puget Sound section. On Chinese cabbage it has 
been more virulent than on other hosts. On this host lesions com- 
monly occur on leaf petioles from which they spread to the leaf axil, 
and stalk infections result. As flower heads emerge from leaf axils, 
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they become infected and severe blighting of florets results. Lesions 
on stalks at the ground level and above are common and cause stalks 
to break over. Sporulation on lesion surfaces is abundant. Lesions 
have not been found to occur naturally on seed pods, and it is believed 
that the dry season during which pods develop and mature checks 
the spread to seed pods. That the Puget Sound Phoma can infect 
pods was shown by experimental work. Although in the threshing 
process seed surfaces could come in contact with spores, it is not 
believed that this would result in much seed transmission, since 
naked spores do not remain viable long. It was not determined 
whether this strain infected seeds internally as does the Phoma that 
causes cabbage blackleg. 

How the Puget Sound Phoma lives over from season to season was 
not determined; but, since there is neither much crop rotation nor 
any crucifer-free period in the production of cruciferous seed crops 
in the Puget Sound section, overwintering would not be a factor in 
the disease cycle. The rather weak appearance of this fungus on 
cabbage in nature plus its widespread occurrence might indicate that 
it occurred commonly as a soil-borne saprophyte and less commonly 
as a parasite. Its extreme pathogenicity on certain hosts in the 
greenhouse would indicate, however, that it is not necessarily a 
facultative parasite. This is further borne out by its virulence on 
Chinese cabbage in nature. In view of the long and intensive culture 
of crucifer seed crops in the Puget Sound section, it seems more 
probable that this Phoma is carried from crop to crop by plant debris 
and living hosts. 

The Phoma lingam that causes typical blackleg of cabbage was 
shown to be very variable, and several cultural strains of it were 
isolated. These strains differed markedly in growth type and rate 
and slightly in pathogenicity and morphology. Saltation occurred 
frequently and was found to link the strain groups together. Un- 
favorable growing conditions apparently increased the frequency of 
saltation. It is very probable that further study would reveal 
numerous other types. In view of the wide variability of P. lingam 
it seems logical to conclude that the Puget Sound isolates, the Oregon 
isolates, and the California isolate, which fall within that range of 
variability in morphology, physiology, and pathogenicity, are variants 
of P. lingam. Although the organism causing dry rot of rutabaga 
in New Zealand and Europe was not examined by the writer, it 
seems logical to conclude that it also belongs to P. lingam since the 
results obtained by Cunningham {2)^ Hughes (d), and Buddin {!) 
indicate that it falls within the range of variability of this species. 

It may be well to point out, however, that, although the isolates of 
Phoma from the Puget Sound section were within the range of varia- 
tion of P. lingam, they showed certain points of difference. They, 
with the isolate from California, were distinct from all other isolates 
in the production of a water-soluble, yellow or brown pigment in the 
media, in a yellow to tannish-brown pigmentation of mycelium, and 
in the coarser appearance of the mycelium in culture. The Puget 
Sound isolate PS40 was apparently stable in culture, whereas isolates 
from the East and from Oregon were more or less variable. The 
conidia of PS40 were shorter than the spores from any other isolate. 
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Isolates from the Puget Sound section and from California were also 
distinct from other isolates in the type of lesion produced on coty- 
ledons of seedlings grown from inoculated seeds and in the symptoms 
moduccd on inoculated leaves of older cabbage plants. . ■ 

^ In view of these findings it is still a question whether the stiain of 
Phoma found in the Puget Sound section would cause typical blacklt;^ 
on cabbage in sections favorable to the disease even if it were trans- 
mitted there by seed from the Puget Sound section. Although it may 
be rco-arded as a strain of P. Ungam, its potential danger as a hamlu 
seed-borne pathogen on cabbage has yet to be demonstrated. Even 
though nothing in this study indicates tliat cabbage fed grown in the 
Puo'et Sound section is not free from blackleg, it should be pomted 
oufthat the Pacific coast seed-producing section cannot be regarded 
as free from all strains of P. Ungam. Moreover, the occurence of a 
mild strain of what appears to be P . Ungam m the important I iiget 
Sound section and of other strains in the Willpiette \ alley of Oregon 
is reason for emphasizing that the possibility of seed contamination and 
transmission in that section should not be overlooked. 

SUMMARY 

A Phoma has been found to occur regularly as a minor leaf spot and 
stalk rot pathogen of seed plants of cabbage, Chinese cabbage, 
rutabaga, and turnip in the Puget Sound section of ^^ashington. 
Experiments showed that it is -widely pathogenic on other cruciferous 
plants. It produces typical blackleg symptoms on Brassica oleracea 

in greenhouse tests. _ „ , n? ;• 

In determining the relation of this fungus to Phoma Ungam, the 
cabbage blackleg organism, a survey of variability in the latter was 
made. Several cultural strains that differed in type and rate of gro-wth, 
degree of staling, and amount of sporulation were established by 
single-spore technique. In a comparative study of these strains 
numerous sal tants that tended to link the strains together, were 
isolated. Cultural studies of the variant strains indicated that the 
Puget Sound isolates differed from those from typical blackleg ma- 
terial in absence of staling, in production of water-solubh* _yellow to 
brown pigment in both medium and mycelium, and in a coarser 

mycelium. , j- 

The Puget Sound isolates produced symptoms that differed from 
those produced by isolates from typical blackleg material in type and 
virulence and were thus separable from the latter. 

Only slight differences in conidial size were found among the strains, 
but marked differences in size and shape of pycnidia occurred. 

The Puget Sound strain of Phoma appeared to fall within the; range 
of variability in morphology, physiology, and pathogenicity of 
P. Ungam and is considered a variant of it. 
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ELIMINATION AND RETENTION OF POLLEN STERILITY 
IN POTATO IMPROVEMENT ^ 

By Zola M. Fineman 

Formerly re^^earch assistant, Minnesota Agricultural Experiment Station 

INTRODUCTION 

Improvement in the potato (Solarium tuherosurn L.) lias generally 
been accomplished through sexual breeding. Since pollen sterility 
interferes with sexual breeding, potato improvement would be facil- 
itated if this factor were eliminated from the breeding material. 
Pollen sterility is, however, a desirable character in a potato variety. 
Complete pollen sterility when present prevents fruiting in this 
normally self -pollinated crop. Bartholdi (2)'^ secured a significant 
increase in yield of tubers by removing flower buds from a self-fruitful 
(fertile-pollen) variety, and a significant decrease in yield by pollinating 
a nonfruiting (sterile-pollen) variety and producing fruit development. 
Thus pollen fertility is essential for potato improvement but undesir- 
able in a variety intended for cultivation. Alore complete information 
concerning the inheritance of pollen sterility would aid in the formula- 
tion of a breeding procedure that would reduce the interference from 
pollen sterility to a minimum and yet provide a means for its retention 
and utilization. 

Pollen sterility in potato varieties may be complete (sterile-pollen 
varieties) or partial (fertile-pollen varieties). The fertile-pollen 
varieties can be further classified according to the percentage of pollen 
that is stainable with acetocarmine (9). A description of the breeding 
behavior of a number of sterile-pollen and fertile-pollen varieties 
selected from the breeding material of the Minnesota Agricultural 
Experiment Station will be presented, together with a discussion of 
the significance of the results in respect to breeding procedure for the 
improvement of the potato. 

CHARACTERISTICS OF STERILE-POLLEN AND FERTILE-POLLEN 

PLANTS 

The breeding behavior of varieties was analyzed with respect to 
pollen sterility by classifying their progenies into sterile-pollen and 
fertile-pollen plants. 

Fertile-pollen plants were characterized by abundant pollen, with 
the stainable grains invariably' round and plump, 35 to 50 microns in 
size, and the nonstainable grains uniformly smaller and resembling 
collapsed spheres, and by the absence of pollen grains of the type 


1 Received for publication March 11, 1946. 

2 Italic numbers in parentheses refer to Literature Cited, p. 145. 
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itidicative of irregular meiosis. Examples of pollen from fertile- 
pollen plants are shown in figure 1. 



Figure 1. — Stainable and nonstainable pollen grains from (/I) the fertile-pollen 
clone 15-2, which had 76.9 percent of stainable pollen, and (B) from the fertile- 
pollen clone 13-1, which had 24.9 percent of stainable pollen. >(365. 
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bterile-pollen plants were characterized by the absenct' of normal 
appearing stainable pollen grains (fig. 2) and by the ptrstmce of pollen 
indicative of irregular meiosis. The pollen of sterile-pollen plants 
ranged in quantity from scant to abundant; the grains ranged in size 
from one-fourth to twice the size of normal stainable grains" and were 
irregularly shaped (fig. 2). Further indications of irregular nu'iosis 



Figuee 2. — A, Pollen from the sterile-pollen clone 77-9 having 5.6 percent 
stained pollen; B, pollen from the sterile-pollen clone 77-7, having 2.8 percent 
stainable pollen. X36o. 


were the presence of large grains with thick rugose walls of the sort 
described by Fukiida (6) as having been dreived from unreduced 
pollen-mother cells. Grains having two or more distinct sections or 
cells (fig. 2) were present at times. Three-, four-, and five-sectioned 
grains were less common. 

Occasionally in sterile-pollen plants a few grains and one or more 
sections of a multisectioned grain were stainable, but these could be 
distinguished from normal stainable grains by various irregularities in 
shape and size. Scantiness of pollen was associated with a reduction 
in size of both single and multisectioned grains. A few plants con- 
tained neither stainable pollen grains nor abnormalities indicative of 
irregular meiosis. 

The complete pollen sterility of sterile-pollen plants is, according 
to Arnason (7) and Longley and Clark (10), the result of the failure 
of normal microspore formation during meiosis. This view is sup- 
ported by numerous meiotic irregularities observed in sterile-pollen 
plants (1, S, 5, 6, 7, 10). The more common meiotic irregularities 
observed were: (1) Failure of the chromosomes to pair; (2) lagging of 
the chromosomes on the spindle; and (3) failure to complete the normal 
reduction-division process. 
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-Vccordina: to Arnason il) and Longley and Clark {10) the partial 
stCTility of the fertile-pollen plants is conditioned, after what appears 
to be a normal meiosis, by microspore abortion, which frequently 
occurs after the spores have reached normal pollen-gram size. 

SAMPLING THE MATERIAL 

In 1938 and 1939 studies were made at both University Ihrm (St. 
Paul) and Castle Danger, Minn., on the north shore of Lake Superior, 
after which the studies were conducted only at Castle Danger. Since 
it is well known that the percentage of stainable pollen vanes with 
changes in the environment 9), the studies were made only in 
periods where flowering and fruit setting appeared to be pioceeduig 
normally. Under these conditions, very little variation in stainable 
pollen resulting from differences in season or location was obtained. 

The percentage of stainable pollen was relatively uniform on idem 
tical material grown in both years and at two locations. This is shown 
bv the percentage of stainable pollen observed in four selections tor 
each of 2 years and two locations (table 1). The four selections Avere 
chosen because they were known to approximate the range in per- 
centage of stainable pollen found in the fertile-pollen plants in the 
breeding material. No significant difference in percentage ol stain- 
able pollen due to either location or years, or both, is shown in table 1. 
The differences between the clones were fairly consistent for all four 
tests. 

Table 1. — Percentage of stainable pollen in 4 fertile-pollen parent clones at University 
Farm and Castle Danger in 1938 and. 1939 



Stainable pollen in clones at indicated locations 
and seasons 


Parent clones 

1938 

1939 

Xlean 


University 

Farm 

Castle 

Danger 

University 

Farm 

Castle 

Danger 


1 A— 9 

Percent 

76, 1 

Percent 

83.0 

Percent 

Percent 

Percent 

78. 6 

J 0“i5 

5-1 

67. 2 

76. 0 

75. 3 

34 7 

73.0 

1 0_7 

57 2 

50.9 

60. 3 

50. 8 



13-1 - 

29.2 

26. 5 

20. 6 

23. 5 

25. 0 


57. 4 

59. 6 

58.7 j 

51. 5 


' 







1 Mean difference necessary for significance, 9.44 percent. 

The mean percentages of stainable pollen obtained in sexual prog- 
enies at University Farm and at Castle Danger are presented in table 
2. Four selfed and three crossed seedling progenies were used in this 
study. It will be noted that there was no significant difl'erence due to 
location in the mean percentage of stainable pollen. These results 
suggest that limiting the studies to periods favorable to blooming 
tended to make the data obtained in different seasons and at different 
locations fairly comparable. Since a careful study of the data failed 
to indicate any influence of season or location on percentage ot stain- 
able pollen, these factors have been omitted in the presentation oi later 
data. 
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BREEDING BEHAVIOR OF PLANTS 

RECIPROCAL CROSSES 

In the present study five sets of reciprocal crosses were made be- 
tween parents which differed significantly in percentage of stainable 
pollen. The number of sterile-pollen and fertile-pollen plants and the 
means in percentage of stainable pollen in the fertile-pollen portion of 
the progenies of the reciprocal cross are given in table 3. In all five 
cases, the two progenies of reciprocal crosses differ significantly in the 
proportion of sterile-pollen to fertile-pollen plants and in the mean per- 
centage of stainable pollen in the fertile pollen-plants. The differences 
between the two progenies of reciprocal crosses is associated with a 
similar difference in the stainable pollen of the female parents. 

Table 2. — Mean percentages of stainahle pollen in the feriile-polleri plants in dupli- 
cate samples of selfed and crossed progenies at University Farm, and Castle Danger 
in 1939 


Progenies 

Stainable pollen in prog- 
enies 1 at— 

Progenies 

Stainable pollen in prog- 
enies 1 at— 

ITniversity 

Farm 

Castle 

Danger 

University 

Farm 

Castle 

Danger 

13-1 selfed 

Percent 

46. 5±9. 7 
32. 7±6. 0 
43. S=t:4. 3 
66.3ifc3.0 
20. 9±6. 0 

Percent 

39. 7±4. 1 
30. 2d=7. 3 
50. 4=hlL7 
56. 4±6. 3 
31.3±10.7 

75-5X15-2 

Percent 

67. 4±4. 0 
68. ld=2. 1 

Percent 

61. 3±8. 5 
66. 2±4. 8 

5-1 selfed 

75-5 selfed 

15-2 selfed 

15-2X5-1. 

Mean 

49. 4 

47.9 

13-1X5-1 




1 In fertile-pollen plants. 

Table 3. — Sterile-pollen and fertile-pollen plants obtained in 5 reciprocal crosses 
between parents differing in percentage of stainahle pollen 


Parents 

Stainable 
pollen in 
female 
parent 

Sterile- 

pollen 

plants 

Fertile- 

pollen 

plants 

Stainable 
pollen in 
progeny 

13-1 X 15-2 

Percent 

24.9 

Number 

28 

Number 

39 

Percent 

20.7 

15-2 X 13-1 

76.9 

5 

40 

33.6 

12-7 X 5-29 - 

56.3 

41 

10 

8.5 

5-29 X 12-7 - 

71.8 

5 

48 

48.6 

17-2 X 11-1- 

32.8 

30 

79 

32. 5 

11-1 X 17-2 - 

90.0 

1 

150 

73. 9 

80-7 X 15-2 - 

56.4 


9 

23.6 

15-2 X 80-7 - - 

76.9 

0 

12 

61.3 

106-55 X 5-2 

26.1 

62 

50 

22.6 

5-2 X 106-55 - 

■ 74.7 

12 

106 

53.2 






In all five reciprocal crosses female parents with a relatively low 
percentage of stainable pollen gave relatively low proportions of fertile- 
pollen plants as compared with female parents that had a relatively 
high percentage of stainable pollen. It is evident from the results of 
the five reciprocal crosses that parents with a low percentage of stain- 
able pollen transmit more pollen sterility as female parents than as 
male parents. These results are in harmony with those of Salaman 
and Lesley {11), who found that the two progenies of a reciprocal 
cross were distinctly different in respect to pollen sterility and in fruit 
setting. 
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BKEEDING BEHAVIOR OE PLANTS WHEN^SELPED AND WHEN USED AS FEMALE 

The behavior of reciprocal crosses suggested that the factors re- 
sponsible for sterile-pollen plants tended to be w faSols t^rw^^ 
pollen. Thus, with the reduced transmission of these faetois 
the pollen, the character of the progeny with to pollen steidhy 

would be mostly determined by the breeding behavioi the l^ma 
pai-ent. If this were true, one might p'pept only slight difteiences in 
?ollen sterility between the progenies of an mdividua 
when used as a female parent m crosses inespective of P^‘ 

In table 4 are given the number of sterile-pollen and leitile-polkn 
plants in both the crossed and selfed progemes of nine female parents. 
For five of these nine, the crossed and selfed progenies fjo not ^ > 
widely from each other. The crossed progeny from 80 - 1 has a ^h 
higher proportion of sterile-pollen plants than its selfed P » . “ ' 
The crossed progenies from 12-7, 21-2, and 13-1 have a much lughei 
proportion of sterile-pollen plants than their selfed piogeiiies. ^ 
association between the amount of stamable pollen m the parent and 
the proportion of fertile-pollen plants in the progeny is ^ra m , 
except for the crossed progenies of parents 21-2 and i-"' . imis, loi 
two of the nine parents, the breeding behavior in crosses did not seem 
to be closely related to the behavior when selfed or to the stamable 
pollen in the parent. This fact suggests that in soine crosses the male 
parent may have a significant influence on the pollen steiility oi le 
progeny. 

Crosses showing the relative influence of male and female parents 

The possible influence of the male parent was studied by comparing 
crossed progenies having the same female parent but difieieiit male 
parents. The results obtained by crossing each of eight female parents 
with a number of different male parents are presented in table 5. In 
general, the progenies within the groups having the same female partmt 
tend to be alike in the proportion of sterile-pollen to fertile-pollen 
plants. N evertheless, there are some differences between the progenies 
of a group that are worth noting. In table 5, for exaniple, the crossed 
progenies from male parents 12-7 and 80-7 had a higher proportion 
of fertile- to sterile-pollen plants than the progenies from the other male 
parents in the same group, and, with one exception, these other male 
parents had a higher percentage of stainable pollen. The diftrrence 
between the male and female breeding behavior of selections 12-7 
and 80-7 was also apparent when reciprocal crosses were made and 
hig hly contrasting progenies were obtained (table 3). 

As indicated by the data in tables 3-5, the percentage of stamable 
pollen in a clone and its breeding behavior on selling and as a f('mal(> 
parent in crosses was not related to its breeding behavior wiien used 
as a male parent. The difference between the male and female 
breeding behavior of selections 12-7 and 80-7 might indicate that 
the factors for the relatively high proportion of sterile-pollen plants 
in their crossed progenies when used as female parents wi'i-e not 
transmitted through the pollen of selections 11-25, 15-2, ami 7.>. 
This explanation assumes that there wns some transmission of the 
factors responsible for sterile-pollen plants through the pollen of some 
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Table 4. — Sterile-pollen and fertile-pollen plants obtained in the crossed and selfed 
progenies of 9 female parents with different percentages of sfainahle pollen 


Female parents 




75-5. 

5-29. 

80-7- 

12- 7. 
21 - 2 . 
17-2- 

13- 1. 


stainable 
pollen in 
parent 

Type of progeny 

Sterile- 

pollen 

plants 

Percent 

90.0 

/Crossed 

Number 

0 

0 

6 

1 Selfed 

76.9 

/Crossed 

\Selfed - 

] 

72.9 

/Crossed 

0 

5 

tSelfed-- 

71. 8' 

/Cros.sed 

5 

t Selfed 

0 

13 

6 

56.4 

f Crossed 

'(Selfed .. 

56. 3 

fCros.sed 

41 

6 

'iSclfed 

49. 1 

/Crossed. 

\ Selfed 

43 

5 

32.8 

/ Crossed 

30 

8 

(Selfed- - 

24.9 

/Crossed .. 

57 

tSelfed 

6 


Fertile- 

pollen 

plants 


Number 

151 

3S 

107 

43 

30 

43 


7 
15 
13 
10 
11 

8 

10 

79 

19 

81 

12 


Table 5. — Sterile-pollen and fertile-pollen plants in crossed progenies having the 
same female parent hut different male parents 



Stainable pollen in— 

S terile- 

Fertile- 

Cross 

Female 

parent 

Male 

j:)arent 

polhui 

plants 

pollen 

plants 

15-2 X 5-1 

Percent 
76. 9 

Percent 
69. 5 

Nurnher 

1 

Number 

55 

15-2 X 80-7 - 

76. 9 

56. 4 

0 

12 

15-2 X 13-1. 

76. 9 

24. 9 

5 

40 

80-7 X 15-2... 

56. 4 

76. 9 

7 

9 

80-7 X 5-1 

56. 4 

69. 5 

6 

6 

13-1 X 15-2-. 

24.9 

76. 9 

28 

39 

13-1 X 5-1 - - 

24.9 

69. 5 

29 

24 

13-1 X 80-7..,.. - 

24.9 

56. 4 

0 

18 

77-9 X 75-5 

5.6 

72.9 

IS 

4 

77-9 X 11-25 - 

5.6 

72.4 

117 

3 

77-9 X 5-29 

5. 6 

71.8 

58 

15 

77-9 X 12-7... 

5.6 

56. 3 

26 

11 

70-1 X 75-5 

4.3 

72.9 

18 

4 

76-1 X 11-25 

4.3 

72.4 

56 

1 

76-1 X 5-29 

4.3 

71.8 

26 

8 

76-1 X 12-7 - 

4.3 

56. 3 

13 

6 

77-7 X 75-5 

2.8 

72.9 

34 

3 

77-7 X 11-25 - 

2.8 

72.4 

52 

5 

77-7 X 5-29 - 

2.8 

, 71. 8 

32 

3 

77-7 X 12-7 

2.8 

56. 3 

68 

31 

77-8 X 75-5 

0 

72.9 

31 

0 

77-8 X 11-25 

0 

72.4 

23 

1 

77-8 X 5-29.,.. 

0 

71.8 

36 

0 

77-8 X 12-7 - 

0 

56. 3 

30 

3 

Eusset Eural X 15-2 

0 

76.9 

60 

13 

Eiisset Eural X 11-25 

0 

72.4 

93 

14 

Eusset Eural X 5-29 

0 

71.8 

109 

4 


selections. To the breeder, the significant aspect of the breeding be- 
havior of the pollen parents shown in table 5 is that fertile-pollen 
plants such as 12-7, 13-1, and 80-7 whose percentage of stainable 
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pollen is low and whose progenies when selfed and when used as fe- 
male parents in crosses may give a relatively high proportion of 
sterile-pollen plants, may transmit less sterility through the pollen 
than male parents having a significantly higher percentage of stain- 
able pollen. 

The influence of the male parent on the crossed progeny is, however, 
relatively small as compared with that of the female parent. The 
influence of the female parents is shown in table 6, which gives the 
segregation obtained from different female parents crossed with the 
same male parent. The largest differences in segregation between 
comparable progenies of female parents was obtained in groups 1, 
4, and 5. These groups contained female parents with a wider range 
of percentage of stainable pollen than the other groups. An associa- 
tion between the percentage of stainable pollen in the female parent 
and the proportion of sterile- to fertile-pollen plants in their progenies 
is indicated in group 1 and to a lesser extent in groups 4 and 5. Some 
female parents (12-7 and 77-9, group 4) which differed widely in 
percentage of stainable pollen, when crossed with the same male parent 
produced progenies with relatively small differences in proportion of 
sterile- to fertile-pollen plants. Other female plants (80-7 and 21--2, 
group 5) with no significant difference in stainable pollen produced 
progenies having wide differences. 


Table 6 . — Sterile- pollen and fertile-pollen plants in crossed progefiies having the 
same male parent hut differe^it female parents 


Group 

Cross 

Stainable pollen in 
parent 

Sterile- 

pollen 

Fertile- 

pollen 

plants 


Female 

Male 

plants 


f75~5 X 15-2 .... 

Percent 

72.9 

Percent 
76. 9 

Number 

0 

Number 

30 


|S0-7 X 15-2 

56. 4 

76. 9 

■9 

30 

1 

1l3-l X 15-2 - - 

24.9 


28 


(Russet Rural X 15-2 

0 

76.9 

60 

13 


^77-9 X 75-5 - 

1 5. 0 

72. 9 

6 

0 


76-1 X 75-5 

1 4. 3 

72.9 

IS 

4 


77-7 X 75-5- 

1 2.8 

72.9 

34 

4 


77-8 X 75-0 

10 

72.9 

31 

0 


(77-9 X 11-25 

1 5. 6 

72.4 

117 

13 


76-1 X 11-25 

I 4.3 

72.4 

56 

1 

3 

p7~7 X 11-25 

j 2.8 

72. 4 

52 

5 


77-8 X 11-25 

10 

72.4 

23 

1 


(Russet Rural X 11-25 

3 0 

72.4 

93 

14 


(12-7 X 5-29 

56. 3 

71.8 

41 

10 


77-9 X 5-29 

1 5.6 

71.8 

58 

15 

A 

76-1 X 5-29 

1 4.3 

71. S 

26 

.8 


77-7 X 5-29 - 

3 2.S 

71.8 

32 

3 


77-8 X 5-29 

H) 

71.8 

36 

0 


Russet Rural X 5-29 

iQ 

71.8 

109 

4 


(15-2 X 5-1 

76.9 

69. 5 

I, 

55 

1 

80-7 X 5-1... 

56. 4 

69. 5 

6 I 

6 

8 

5 

'21-2 X 5-1 

55. 9 

69. 5 

43 i 


13-1 X 5-1.. 

24. 9 

69. 5 

29 ; 

24 

1 

Jubel X 5-1 

20.9 

69. 5 

11 1 

14 

f 

77-9 X 12-7 

1 5. 6 

56. 3 

26 1 

11 

i 

76-1 X 12-7 

3 4. 3 

56. 3 

13 i 

6 

31 


77-7 X 12-7 ' 

3 2.8 

56. 3 

68 ! 
30 i 


77-8 X 12-7 

10 

50. 3 

3 


1 sterile-pollen plants. 


Aug. 15, 1947 


Pollen SteAlity' in Potato 


143 


BREEDING BEHAVIOR OF THE FERTJLE-POLLEN PLANTS FROM A CROSS 

Twenty-three fertile-pollen plants from a cross were selfed and the 
progenies examined to determine the proportion of sterile- to fertile- 
pollen plants. The study was made on a cross of 17-2X11-1 which 
produced a much higher proportion of sterile- to fertile-pollen plants 
than its reciprocal (table 3). The results obtained on the selfed and 
crossed progenies of the parents and on the selfed progenies of 23 Fj 
fertile-pollen plants is presented in table 7. This study" on the parents 


Table 7. — Sterile-pollen and fertile-pollen plants m the selfed, reciprocal crossed^ 
and F 2 progenies of fertile-pollen parents 17~~2 and 11~1 


Parents 

Sterile- 

pollen 

plants 

Fertile- 

pollen 

plants 

Parents 

Sterile- 

pollen 

plants 

Fertile - 
pollen 
plants 


Number 

Number 


Number 

Number 

17-2 selfed 

s 

19 

17-2 X 11 - 1 -Fo-u 

8 

19 

17-2 X 11-1 

30 

79 

17-2 X IM-F 2 -I 2 .. . 


17 

11-1 selfed 

0 

36 

17-2 X n-l-F2-13. 

] 

5 

11-1 X 17-2 

1 

150 

17-2 X ll-l-F')-]4 

4 

f; 

17-2 X II-I-F 2 -I 

22 

15 

17-2 X ll-l-Fo-io. 

4 

7 

17-2 X 11-1-F2-2 

16 

7 

17-2 X II-I-F 2 -IB. 

10 

g 

17-'2 X 11-1-F2-3.. 

10 

6 

17-2 X n-l-F‘)-17 


13 

25 

17-2 X 1]-1-F2~4 

11 

7 

17-2 X ll-l-Fo-18 

8 

17-2 X II-I-F 2-5 

9 

4 

17-2 X ll-l-F'j-19 

4 

14 

17-2 X 11-1-F2-6.... 

9 

6 

17-2 X II-I-F 2 - 2 O... 

3 

10 

13 

17-2 X II-I-F 2 - 7 - 

5 

4 

17-2 X II-I-F 2 - 2 L . . 

3 

17-2 X II-I-F 2 -S ... 

8 

8 

17-2 X II-I-F 2-22 

1 

14 

17-2 X II-I-F 2 - 9 . 

9 

4 

17-2 X II-I-F 2 - 23 . 

0 

tJ 

17-2 X II-I-F 2 -IO - 

8 

6 




was made in a later year on a portion of the same material that sup- 
plied the data in table 3. The observations do not differ significantly 
for the two seasons. The 23 Fi plants studied were fertile-pollen 
plants taken from the reciprocal cross which had the higher proportion 
of sterile-pollen plants. All 23 Fj plants produced progenies that 
showed segregation except 1 in which the 6 individuals were fertile- 
pollen plants. The range of segregation obtained indicated the pres- 
ence of genetic differences between these fertile-pollen Fj plants. 

DISCUSSION 

Both pollen fertility and pollen sterility have an important function 
in the improvement of the potato. Fertile-pollen plants are essential 
for the improvement of the potato through the generally accepted 
sexiial method of breeding, while the sterile-pollen plants, being non- 
fruitful, will produce, other things being equal, a larger yield of tubers. 

Krantz (8) suggests developing sterile-pollen and fertile-pollen 
plants with superior breeding value and then crossing sterile-pollen 
with fertile-pollen plants to secure nonfruitful improved varieties. 
The present study indicates how a breeder may proceed in order to 
produce improved sterile- and fertile-pollen plants. The breeder can, 
hy choosing female parents according to their percentage of stainable 
pollen, obtain progenies that vary widely or progenies that approach 
equality in proportion of sterile-pollen to fertile-pollen plants. Female 
parents with 70 percent or more of stainable pollen produced progenies 
with a relatively high proportion of fei*tile-pollen plants, while female 
parents with little or no stainable pollen produced progenies with a 
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relatively low proportion of fertile-pollen plants. The female parents 
havina between 10 and 70 percent of stainable pollen produced pro- 
araies with sterile-pollen and fertile-pollen plants in proportions that 
would be suitable for the selection of superior plants of both types. 
In tile 70-percent group, a higher accuracy of estimate of bi ceding 
behavior as female parents may be obtained by supplementing th 
information on stainable pollen wdth that on breeding beha'vioi, when 
selfed. Attention should be called to the apparent ahsence ot asso- 
ciation between both the percentage of stainable pollen in a plant and 
its breeding’ behavior as a female parent with its breeding behavior as 
a male parent. Significant and consistent differences between plants 
when used as male parents were observed. Thus the known breeding 
behavior of a plant when used as a male parent may prove to be a 
further aid to the breeder in producing the type of progenies in 
respect to pollen sterility that lie desires. 

SUMMARY 

The problem presented in potato breeding by the anomalous rela- 
tion of pollen sterility to efficient breeding procedure and to tuber 
yield was studied. 

‘ The breeding material was classified as sterile-pollen and lertiie- 
pollen plants, and the latter were further classified according to their 
percentage of pollen grains stainable with acetocarmine. 

Wide differences were found in the proportion of sterile- to fertile- 
pollen plants in five sets of reciprocal crosses. Each reciprocal set 
was made between two parents having significantly difl*erent percent- 
ages of stainable pollen. In each set the combination low X liigh per- 
cent stainable pollen gave a low proportion and the high X low a high 
proportion of fertile-pollen plants. 

In 5 of nine plants tested the selfed progeny was similar in the pro- 
portion of sterile- to fertile-pollen plants to the crossed progeny 
when the plant was used as a female parent. Tlie significant differ - 
ences found between the two types of progenies for 2 of the plants 
indicated that in some combinations the pollen parent infliienced the 
proportion of sterile- to fertile-pollen plants in the progeny. 

A study of eight groups of crosses with the progenies witliin each 
group having the same female parent showed that pingenies with tlie 
same female parent but with different male parents may be signifi- 
cantly different in the proportion of sterile- to fertile-pollen plants. 
This difference was neither related to the percentage of stainable 
pollen in the male parents nor to their breeding behavior wlieii s(df(Hi. 

A similar study of seven groups of crosses with the progenies vritiiin 
each group having a common male parent showed that progenies ha ving 
a common male parent but different female parents may differ widcdy 
in the proportion of sterile-pollen to fertile-pollen plants. This diiiVr- 
ence was associated with the percentage of stainable pollen in the 
female parent and its breeding behavior when selfed. 

Twenty- three fertile-pollen Fj plants from a cross of low X high 
percent stainable pollen produced selfed progenies of whieli all exe(‘pt 
one segregated for sterile-pollen and fertile-pollen plants. This oiu^ 
produced six plants all of which were fertile-pollen plants. 
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STUDIES ON BIOLOGICAL RACES OF THE HESSIAN FLY^ 


By W. B. Cartwright, senior entomologist, and W. B. Noble, entomologist, 
Division of Cereal and Forage Insect Investigations, Bureau of Entornology ‘and 
Plant Quarantine, Agricultural Research Administration, United States Department 
of Agriculture 

INTRODUCTION 

With the increasing interest and progress in breeding wheats 
resistant to the hessian fly (Phytophaga dedructor‘ (Sa^O), the axithors 
feel that the information they have obtained since 1935 on biological 
races of the fly, i. e., races difl‘ering greatly in their ability to infest 
dift'erent varieties of wheat through apparently identical taxonomi- 
cally, may be of timely value. This information supports the earlier 
conclusions of Painter {6)} 

ISOLATED GEOGRAPHICAL POPULATIONS OF THE FLY 

The hypothesis of biological races of the hessian fly has been offered 
to explain the contradictory results in fly-resistance tests on wheat 
varieties in regions of the United States that are separated by physical 
barriers or distinguished by climatic dilferences. A strifdng vari- 
abilit37' of reaction occurs, for instance, in the variety Dawson, which 
is resistant in California {5) and Kansas {4)^ but susceptible in Illinois 
and Indiana.^ 

When the testing program on wheat varieties was expanded in 1936 
in California, a nurseiy of 275 American wheat varieties and strains 
was seeded and exposed to a severe attack of the hessian fly in the field 
at Birds Landing, Calif. Thirty varieties, including China, Clarkan, 
Dawson, Dixon, Emerald, Goons, Huston, Java, Marquillo, Marvel, 
Nabob, Eed Rock, Shepherd, Mediterranean, and others, showed high 
resistance to the fly. 

These resistant varieties were retested at La Fa^mtte, Ind., in 1936 
in the field, and the complete series of classified wheats (J), except for a 
few omissions, was tested in the greenhouse during the period from 
1938 to 1940, inclusive. With the exception of Dixon, Java, Marquillo, 
and Marvel, the common varieties of wheats were all susceptible to the 
general population of Indiana hessian flies. Although these results 
were explainable on the basis of a difference in ability of the California 
and Indiana populations of the fly to infest the wheats, the possibility 
that they were due to variation in the wheats themselves in response to 
environmental differences between the two regions was not eliminated. 
A small number of resistant and susceptible wheat varieties was there- 
fore tested under uniform environmental conditions in the greenhouse 


1 Received for publication November 15, 1944. A contribution from the Bu- 
reau of Entomology and Plant Quarantine in cooperation with the Purdue Uni- 
versity Agricultural Experiment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 153. 

3 U npublished data on several tests during the period 1920-44. 
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during 1936, 1939, and 1940 at La Fayette, Ind., flies emerging from 
flaxseeds collected at Birds Landing, Calif., and at La Fayette being 
used. 

The wheats were infested in the young seedling stage under cages 
according to a method in use at the La Fayette laboratory {!), That 
there were difterences in the reactions of the respective varieties to the 
flies from the two regions is apparent from the data presented in table 
1. The records there shown are in agreement with those of the earlier 
field tests, and this fact strengthens or confirms the hypothesis that 
there are distinct regional races of the hessian fly in California and 
Indiana. 


Table 1. — Extent of infestation by hessian flies from California and Indiana in 
wheat varieties grown in the greenhouse at La Fayette, Ind., 1936 and 1 939-40 


Variety of wheat 

California flies 

Indiana flies 

j 1936 

1939 

1940A 

1940B 

Aver- 

age 

1936 

1939 

1940A 

1940B 

Aver- 

age 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent. 

Percent 

Percent 

Dawson 

0 

11 

5 

10 

6.5 

89 

89 

90 

100 

92. 0 

111. No. 1 W38-6.-.. 

16 

11 

14 

10 

12.7 

1 5 

63 i 

15 

25 

27. 0 

Marquillo 


39 

35 

33 

35. 7 


31 

35 

40 

i 35. 3 

Wabash 

14 

31 

43 

32 

30.0 

87 

84 

95 

1 95 

90. 2 

.Big Club 

so 

100 

100 

95 

93.7 

100 

95 

95 

100 

97. 5 


HOST-RESTRICTED RACES 

Tests reported by Painter (6) and Painter, Salmon, and Parker (7) 
showed that there were differences in the capacity of individual flies 
within a single population to infest different varieties of wheat in the 
greenhouse. Such findings are highly important and more significant 
than the occurrence of geographical races of the hessian fly. If a 
given population in a locality is composed of interbreeding individuals 
differing with respect to their ability to infest different wheat vari- 
eties, the planting of a variety resistant to most but not all individuals 
in the fly population may result in the natural selection of a local race 
or population of flies that will be capable of heavily infesting the erst- 
while resistant wheat. In view of the importance of obtaining more 
information on this possibility, efforts to determine whether such a 
race can be isolated experimentally were made at La Faynd te. 

The genetic features of the problem resemble those encountered in 
the study of cereal smut and rust fxmgi, and a similar technique of 
investigation is adaptable to their study. Adult hessian flies r(>ar('(I 
from the few puparia foimd in resistant wheat were used as the 
parents of possible host-restricted races. The flies bred and u.s('(I 
experimentally during the period 1936-42 did not increase or survive 
beyond the second generation on resistant w^heats. In 1943, however, 
a selected population which showed a greater ability than that of the 
general population to mature on Java, Dixon, Ala'rvel, and 111. No. 

1 W38 was obtained in the course of routine tests in the greenhouse 
from a series of resistant American and foreign wheats including both 
common and durum varieties. This population was bred and tested 
in March 1943 and during the period from October 1943 to March 
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1944. In the tests reported herein this selected population of the 
fly was compared with the general fly population which had been used 
continuously for experiments in the greenhouse for 2 years and, 
because of continuous inbreeding and use on resistant wheats, may 
have differed from a strictly wild population. It is certain that the 
general population had within its composition some individuals 
genetically similar to the ones comprising the selected population, 
inasmuch as it was the source of the selected population, but logically 
such individuals would be present in smaller numbers. In all these 
tests eggs were permitted to be laid on the plants in such numbers as 
to eliminate the possibility that lack of oviposition on the part of the 
flies representing either the selected or the general population would 
account for differences in final infestation. 

The first generation of the selected population of the hessian fly 
was tested on 5 resistant wheats in the greenhouse in March 1943. 
Four 1 -row plantings of young wheat seedlings of each variety, each 
containing about 20 plants, were exposed to 400 flies of the selected 
population, and at the same time 4 similar plantings were exposed to 
400 flies of the general population. As shown in table 2, the percent- 

Table 2. — Extent of infestation hy hessian flies from selected and general populations 
in wheat varieties grown in the greenhouse at La Fayette, Ind., March 194S 



Flies from selected population 

Flies from general poxmlation 

Variety 

Plants 

exam- 

ined 

Plants 

in- 

fested 

Plants 
stunted i 

Pupa- 

ria 

Plants 

exam- 

ined 

Plants i 
in- 
fested 

Plants 
stunted i 

Pupa- 

ria 


Num- 

ber 

Percent 

Percent 

Num- 

ber 

Num- 

ber 

Percent 

Percent 

Num- 

ber 

111. No. 1 W38-6-11-.- 

89 

44 

24 

89 

78 

5 

1 

7 

IVy 

83 

34 

20 : 

93 

83 1 

20 

4 

50 

P. I. 111245-10 

80 

23 

14 

36 

73 1 

8 

7 

16 

P. I. 56206-8-7 

no 

7 


25 

109 

4 

3 

5 

P. I. 94587 

98 

0 

0 

0 

76 

0 

0 

0 

Michigan Amber (susceptible 
check)--..- 

80 

100 

100 

I 

551 

80 

100 

100 

! 671 


1 Stunted by infestation. 


age of plants stunted by infestation (plants reacting as susceptible), 
the percentage of plants infested including those stunted, and the 
total puparia were significantly greater for the selected population 
with the exception of those on the highly resistant durum wheat P. I. 
94587. 

The second generation was reared as stock material in October 
and November 1943, on the fly-resistant wheats 111. No. 1 W38, 
B36162A13~12, and A3848A5-5. The number of individual flies 
emerging after the storage of material during the summer was too 
small for tests in this generation. The wheat lines B36162 and A3848 
mentioned above are soft, winter-type segregates derived from the 
backcrossing of 111. No. 1 W38 with soft red winter wheats in the 
cooperative project for breeding wheats resistant to the hessian fly 
at the Purdue University Agricultural Experiment Station. 

The third, fourth, fifth, and sixth generations of the selected popu- 
lation of the hessian fly came from rearings through the fly-resistant 
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wheats B36162A13-12 and A3848An-5 m the gxeenliouse du^^^ 
the period December 1943 to March 1944, inclusive. Mith each 
successive generation through the resistant wheats, the intestations 
of B.3hl62A13-12 and A3848A5-5 and ol _ the susceptible check 
Wabash by the selected and general populations were recorded. In 
each test 50 female flies selected at random from the respective popu- 
lations were used to infest the individual plantings, which consisted 



Figure 1. — Wheat strains exposed to selected and , {general popuiations of the 
hessian flv: Rows a to c exposed to selected population of the fly, and rows 
d to f to "the general population. Rows a and /, Wabash (siisceptil)le) ; row's 
h and e, B36162A13-12 (resistant); and c and d, A3848A5-5 (resistant). 


of approximately 45 plants of eacli of tlie three wheats. A siinimaiy 
of all tests is given in table 3. 


Table 3 — Extent of infestation by selected and general popidations of hessian 
flies in BS6162A13~i'2, A38.i8A5~5, and Wahash wheats grown in the greenhouse 
at La Fayette, Ind., Eeeernber 1943 to March 1944 




Flies from st 

‘leeted popu- 

Flies from e 

ciK'nil poidi- 

Variety 

Total tests 

lation 

Jation 

Infested 

Stunted 

Infdsfod 

Stiiniidi 





plants 

plants 1 

platifs 

plants t 


Number 

Percent 

Percent 

Percent 

Percent 

B36162A13~12. - 

33 

73. 5 

62. 6 

43. 3 

33. 5 

A3848A5-5 - 

32 

67. 6 

58. 8 

36. 6 


W aba.sh 

33 

100 

100 

:ioo 

100 






- - 


1 Stunted by infestation. 


Table 3 shows that the percentage of susceptible or stu lift'd plants 
in the resistant varieties mfested with the selected population ol the 
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fly was approximately double that of plants infested with flies 
from the general population. There were liighly significant visual 
differences in the reactions of tlie two populations" (fig. 1) which 
were apparent in most tests. 

Infestations of 80 percent or more of the plants by the selected popii- 
lation were not uncommon in the tests, but infestations varied greatly 
among the individual tests. This variation indicates that the 
selected population was not homozygous after six generations of 
screening through the resistant wheats. The results appear to demon- 
strate quite conclusively, however, that a strain or race of the hessian 
fly capable of maturing successfully in and seriously injuring wheats 
that are highly resistant to the general fly population can be segregated 
from that population. 

Table 4. — Extent of infestation hy hessian flies from the fourth-generation selected 
population in wheat varieties grown in the greenhouse at La Fayette, Ind., 
March 1044 


Variety t 

Plants 

examined 

Plants 

infested 

Plants 
stunted - 

Common wheat: 

Wabash, check 

Number 

249 

Percent 

100 

Percent 

100 

B36162A13-12, check 

202 

98 

96 

Alberta Early, C, 1. 1002.5-2 . 

28 

100 

100 

Ccntenario, Iva. 3S F, N. 4002,. 

27 

96 

96 

Dixon, C. I. 6049 

30 

30 

93 

93 

Greek lO, P. I. 116227 

100 

100 

IVd, Ks. 36 R. N. 3579 .... 

IVy, Ks. 36 R. N. 35S0 

25 

24 

96 

S8 

96 

88 

Java, C. I. 10051. 

35 

97 

97 

Marquillo, C T. 68vS7 

27 

37 

37 

Marvel, C. I. 8876 

26 

100 

100 

Portugez, P. I. 56204- 7 

30 

13 

13 

Ribeiro, P. I, 56206-8... 

27 

0 

0 

Triunfo, P. I, 104.138 

22 

100 

100 

Unnamed, P. I. 94549-6 

29 

14 

14 

Unnamed, P. I. 94571-14 

32 

9 

6 

Unnamed, P. I. 111245-10.. 

32 

100 

100 

Durum wheat: 

Tremezrijo, P. I. 56257-1 

25 

0 

0 

Unnamed, .P. I. 94587 . 

! 42 

0 

0 

Emmer: 

Yaroslav, C. I. 1562 

62 

0 

0 




1 C. I. after varietal name refers to accession number of tbe Division of Cereal Crops and Diseases and 
P. I. to accession number of the Division of Plant Ex'ploration and Introduetion, Bureau of Plant Indus- 
try, Soils, and Agricultural Engineering, U. S. Department of Agriculture, and Ks. to the accession number 
of the Kansas Agricultural Experiment Station. 

2 Stunted by infestation. 


Seventy-eight wheat varieties and strains resistant to the general 
population of the hessian fly (^) were tested with the selected popula- 
tion of the fourth generation in March 1944. Many adult flies emerg- 
ing from the stocks of the selected population weie permitted to 
oviposit heavily on the wheat seedlings, thereby increasing the 
chances of infestation by individuals having the ability to mature in 
them. The percentage of stunted or susceptible plants resulting in 
most of the common varieties approached that of the susceptible 
check, but the common wheat variety Ribeiro, the highly resistant 
durums, and the emmer variety Yaroslav w^ere iminfested. A partial 
list of the varieties and their reaction to the selected population is 
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given in table 4 to show the variation in infestation among those 
fncluded in this test. In this series a check of the plants of 
B36162A13-12 showed 41 percent stunted by the general population 
of the fly in contrast to the 96 percent for the selected population, 
which indicated that the expression of susceptibility in the resist- 
ant wheats was not due to adverse environmental conditions in 
the greenhouse at the time of the tests. The probability of further 
segregation of specialized strains of flies through host restriction of 
populations is indicated by the differences in infestations occurring m 
such common varieties as Marquillo C. I. 6887, Ribeiro P. I. 56206—8, 
and unnamed P. I. 94549-6. 

The results of the several tests reported m this paper indicate that 
a fully effective breeding program for the development of fly-resistant 
commercial hybrids or varieties of wheat must provide for the possible 
appearance of biological races of the hessian fly within regions as 
well as for their present known occurrence in different regions. This 
involves not only the study of genetically different factors for hessian 
fly resistance in wheat varieties, but also a study of the genetic diversity 
of fly populations. 

SUMMARY 

The tests at La Fayette, Ind., since 1935 have substantiated the 
existence of different biological races of the hessian fly in California 
and Indiana indicated in previous studies by the writers and ©there. 
The characteristics of the two populations as noted in field trials in 
the two regions were maintained when tested on resistant and sus- 
ceptible wheats in the greenhouse at La Fayette, Ind. Varieties such 
as Dawson and Wabash, which were resistant to the California popu- 
lations of the fly, were susceptible to the Indiana population. 

In the studies on host-restricted races of the hessian fly, a population 
was bred from the general population at La Fayette which was capable 
of heavily infesting many resistant common wheats, such as Dixon, 
Java, and Marvel. This" selected population was bred and tested for 
six generations on resistant wheats, including the winter lines derived 
from crosses with 111. No. 1 W38. The percentage of plants stunted or 
susceptible in the resistant varieties was doubled after breeding the 
selected population through the third to sixth generations, but it did 
not attain the 100 percent injury of susceptible wheats. 

The selected population of the hessian fly was cultured for niore 
extensive tests on resistant wheats, and the differences in infestations 
obtained in varieties such as Marquillo, Ribeiro, and otlier varieties 
indicated the probability of further segregation of the selected ]3opii- 
lation. Several durum wheats which appeared to be immune to the 
general population of the hessian fly were uninfested by the selected 
population. 

The results indicate that a fully effective program for brei'ding resist- 
ance to the hessian fly must provide for the possible ai)pt‘a.ranc(‘ of 
biological races of the fly within regions as well as for their known 
presence in different regions, through a study of the genetic diversity 
of fly populations as well as a study of the genetically difl'erent factors 
for hessian fly resistance in different varieties of wheat. 


Aug. 15 , 1947 Studies on Biological Races of the Hessian Fly 


153 


LITERATURE CITED 

(1) Cartwright, W. B., and LaHub, D. W. 

1944. TESTING WHEATS IN THE GREENHOUSE FOR HESSIAN PLY RESISTANCE. 

Jour. Econ. Ent. 37: 385-387, illus. 

(2) and Shands, R. G. 

1944. WHEAT VARIETIES RESISTANT TO THE HESSIAN FLY AND THEIR RE- 
ACTIONS TO STEM AND LEAF RUSTS. U, S. Dept. Agr. Tech. Bul. 
877, 6 pp. 

(3) Clark, J. A., and Bayles, B. B. 

1942. CLASSIFICATION OP WHEAT VARIETIES GROWN IN THE UNITED STATES 

IN 1939. U. S. Dept. Agr. Tech. Bul. 795, 146 pp., illus. 

(4) McColloch, J. W. 

1923. THE HESSIAN FLY IN KANSAS. Kans. Agr. Expt. Sta. Tech. Bul. 
11, 96 pp., illus. 

(5) Packard, C. M. 

1928. THE HESSIAN FLY IN CALIFORNIA. U. S. Dept. Agr. Tecli. Bul. 81, 
26 pp., illus. 

(6) Painter, R. H. 

1930. THE BIOLOGICAL STRAINS OF HESSIAN FLY. JoUl’. Econ. Ellt. 23: 

322-326. 

( 7 ) Salmon, S. C., and Parker, J. H. 

1931. resistance of varieties of winter WHEAT TO HESSIAN FLY, 

PHYTO.PHAGA DESTRUCTOR (say). Kaiis. Agr. Plxpt. Sta. Tech. 
Bul. 27, 58 pp., illus. 



VALUE OF SOYBEAN MEAL PREPARED PROM FROSTED- 
FIELD-DAMAGED SOYBEANS FOR GROWING-FATTEN- 
ING SWINE 1 

By B. W. Fairbanks, fonnorly chief in swine h/usbandry; J. L. Krider, associate 
chief in swine husbandry; Damon Catron, formerly associate in animal 
a,iid W. E. Carroll, chief in swine husbandry and head, Department 
of Aninial Husbandry, Illinois Agrictdtural Experiment Station ^ 


INTRODUCTION 

During the fall of 1942 large areas of soybeans in the central part of 
the Corn Belt were frosted before maturity, and the quality of the 
beans was further reduced by unfavorable weather which postponed 
harvest until late winter or early spring. Such beans are i‘eferred to in 
this paper as frosted-field-damaged soybeans. 

Soybean meal was prepared b}^ the expeller process from a sample of 
these frosted-field--damag*ed soybeans for comparison with expeller 
soybean meal prepared from sound mature beans of the 1942 crop. 
The damaged soybeans, which were harvested in 1943, are thiis 
described by T. H. Allwein: ^ 

These beans were just straight country run beans, which were harvested from 
the fields during March. These beans were of rriixed varieties, which originated in 
this locality [Gibson City, 111.]. All of these beans were sample grade beans and 
averaged about 40 percent damage and 48 pounds test \veight. There also was 
considerable dockage, on an average of about 3 percent. Tliis meal was produced 
b^y our regular expeller process. . . . 

METHODS 

In order to obtain quantitative results the paired-feeding method 
for equal gains was used. One pig of each pair was fed the check 
ration which contained normal soybean meal, while its pair mate w^as 
fed the mixture which contained soybean meal prepared from the 
frosted-field-damaged soybeans. 

Sixteen Poland China pigs which had been on rye and alfalfa pas- 
tures during the spring and early su.mmer were paired on the basis of 
weight, litter, sex, type, condition, and probable outcome. All pigs 
were thrifty. 

The basal mixture used consisted of ground yellow corn, soybean 
meal, alfalfa meal, and a mineral mixture. The proportion of corn 


1 Received for publication June 25, 1945. 

2 The writers gratefully acknoAvledge the assistance of R. FI. McDade, chief 
swine herdsman. 

Personal correspondence. The damaged soybean meal w^as prepared and 
donated to the University of Illinois by the Central Soya Co., Inc., Gibson 
City, 111. 
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and soybean meal in the mixture was varied m order to change the 
percentage of protein in the ration as the pigs increased in weight 
The percentages fed are given in table 1. The alfalfa meal was fed 
at the 10-percent level during the test period. The generous feeding 
of alfalfa meal was to insure against a possible vitamin dehciency in 
the all-vegetable ration, as discussed by Krider, Fairbanks, and 
Carroll.^ 


T\ble 1. — Variations in the proportion of the ingredients of the rations jed to growing 
swine at different live weights 


Proportion in which feeds were mixed for pigs weighing—- 


Feeds 

75 pounds or less 

75 to 150 pounds 

Over 150 pounds 


Checlc 

ration 

Test 

ration 

Check 

ration 

Test 

ration 

Check 

ration 

Test 

ration 


Percent 

53.0 

Percent 

53.5 

Percent 
65. 0 

Percent 

65.5 

Percent 
71. 0 

Percent 
71. 0 


34.5 


22.5 


10. 5 



34.0 


22. 0 


16. 5 

soybe8.n mejil--. 

A Ifolffl nipfll 

10.0 

10. 0 

10. 0 

10. 0 

io. 0 

10.0 

Ground, - 

.5 

. 5 

. 5 

. 5 

. 5 

. 5 

Stemmed 

1.5 

1.5 

1.5 

1.5 

1. 5 

1. 5 

iodized salt - 

.5 

.5 

. 5 

.5 1 

. 5 

. 5 

Total 

100.0 

100. 0 

ICM). 0 

100.0 

100. 0 

100. 0 








firntAi'n ('nAmATI - 

21.0 

17 

'.0 

15,0 









The yellow corn, which graded No. 2, was estimated to contain 
9.0 percent crude protein. Anatysis of the alfalfa meal showed 14.6 
percent crude protein. The chemical composition of the soybean 
meals is given in table 2. 

In preparing the feed mixtures, the slightly higher protein content 
of the damaged soybean meal was taken into consideration by 
equalizing the total percentage of crude protein in the mixtures for 
the pigs in each weight-group interval. The percentages ol crude 
protein fed are given in table 1. 

The pigs were fed twice daily in individual feeding crates. Ihe 
feed allowances were weighed to one-tenth of a pound and led in a 
metal trough with which each crate was equipped. A small ainount 
of water was poured on the feed to prevent waste. The pigs were 
closely observed in an attempt to keep feed consumption up to^the 
limit of the gains of the slower gaining pig of each pair. Feed 
refusals were noted. Individual weights of all pigs were taken at 
weeldy intervals and the feed allowances for the following week w('r(‘ 
adjusted in accordance with the gains made during the previous week. 
This method was considered satisfactory, as reported previously 
by Krider, Fairbanks, and Carroll.^ 


^ Krider, J. L., Fairbanks, B. W., and Carroll, W. E. value of soybean 

MEAL PREPARED PROM DAMAGED (bIN-BURNED) SOY-BEANS AS A FEED FOR GROWING 

SWINE, Jour. Agr. Res. 69: 383-387. 1944. 


Aug. 15, 1947 Soi/hean Meal for Growing -F at tening Swine 


157 


Table 2. — Che^nical composition of the soybean meals on the fresh basis 


i 

Feeds 

Dry sub- 
stance 

Crude 

protein 

Ether 

extract 

Ash 

Crude 

fibef 

Nitrogen- 
free ex- 
tract 

Normal soybean meal.- 

Percent 
88.76 
88. 41 

Percent 
42. 75 
43.25 

Percent 
4.65 
4. 79 

Percent 

5. 14 

5. 39 

Percent 

4. 58 

4. 45 

Percent 
31. 64 
30.53 

Damaged soybean meal 



The eight pairs of pigs were kept on concrete floors, in one group, 
and had access to an outside concrete runway. 

The experiment began on July 13, 1943, and continued until 
both pigs of each pair had attained a final weight of approximately 
200 pounds. 

RESULTS AND DISCUSSION 

The results of the experiment are summarized in table 3. The 
table shows that in five of the eight pairs the check pig required more 
feed per pound of gain, while in three pahs the test pig required more. 
These results on economy of gain are too nearly a chance distribution 
to indicate any significant differences in the feeding value of the two 
mixtures. This conclusion was verified by statistical treatment of the 
data by StudentsV method with argument t for paired differences as 
described by Snedecor.^ 

The record of feed refusals indicated that the rations were equally 
palatable, and the test showed that the difference in feed refusals 
was largely a chance deviation. 

To obtain ideal results in paired feeding for equal gains, the pigs 
of each pair should make the same weekly gain in live weight. How- 
ever, this rarely happens. With the 8 pairs of pigs used in these 
experiments, there was a total of 177 weekly comparisons between 
the gains of pair mates. Of the 177 comparisons, only 17 showed 
identical gains, while in 82 the check pigs gained slightly more and 
in 78 the test pigs gained more. The deviation of 2 from the expected, 
assuming a chance distribution, is not significant, which indicates 
that the method of feeding for equal gains used in the present work 
was quite successful. 

The average daily gains are probably smaller than the feed mixtures 
are capable of supporting under conditions of unrestricted feeding, 
Wt this is to be expected when either gain or feed intake is controlled 
in paired feeding. 

It may be observed in table 3 that the average daily feed was 
greater for the check pig in 5 pairs and greater for the test pig in 
3 pairs. From an analysis of the 177 weekly comparisons of the 
feed intake of pair mates, it was found that slightly more of the check 
ration was required to produce the same gains as the ration which 
contained damaged soybean meal. In 19 of these comparisons, pah- 
mates consumed the same amount of concentrates, in 98 the check 
pigs consumed more, and in 60 the test pigs consumed more. The 
test indicates that the deviation of 19 from the ideal of a chance 

® Snedecor, G. W. statistical methods applied to experiments in 
AGRICULTURE AND BIOLOGY. Ed. 3, 422 pp., illus. 1940. Ames, Iowa, 





Aug. 15, ,1947 Soy'bea7i Meal for Growing-Fattening Svyine 


159 


distribution was not due to chance alone, and that some other factor 
or factors were pimbably operating. The value of 9.14 is significant. 
The authors believe that the values for feed per 100 pounds of gain 
are more important criteria than the comparison of weekly feed 
intake and hence that little or no significance should be attached 
to the comparisons of the weekly feed intakes. 

Within the limits of error of the method, the data indicate that 
the two meals have practically the same energy value. Since the 
levels at which protein was fed were not border line but were considered 
optimum, it cannot be concluded that Wnteiii in the meal from the 
frosted-fi eld-damaged soybean is as good for promoting growth as 
that in the meal from the normal soybean. At the protein levels 
fed, however, the two meals were equally efficient in supplementing 
corn, alfalfa meal, and minerals for growing-fattening pigs fed in 
dry lot under the conditions of this experiment. 

The inclusion of 10 percent of alfalfa meal in the rations may 
possibty have obscured differences in the heat-labile constituents, 
such as some of the vitamins, contained in the two soybean meals. 
The purpose of adding the alfalfa meal was to prevent the vitamin 
deficiencies which occur when a ration containing corn, soybean 
meal, and minerals is fed to pigs in dry lot. 

SUMMARY AND CONCLUSIONS 

In the central Corn Belt large areas of soybeans of the 1942 crop 
were frosted before maturity and were further damaged by unfavorable 
weather which prevented harvest until the spring of 1943. Some of 
these frosted -field-damaged soybeans were described as Sample Grade 
mixed soybeans, 40 percent damaged, with a test weight of 48 pounds 
per bushel. Soybean meal prepared by the expeller process from 
these damaged soybeans was compared with soybean meal, prepared 
by the same method, from sound soybeans in feeding experiments 
with growing-fattening pigs. 

The method of pahed feeding for equal gains was used in this test, 
which involved eight pairs of pigs fed in dry lot. The soybean meals 
supplemented feed mixtures composed of ground yellow corn, alfalfa 
meal, steamed bonemeal, ground limestone, and iodized salt. In three 
pairs of pigs, the checkmates made more economical gains than the 
pigs fed the soybean meal from frosted-field-damaged beans, while 
in five pairs the economy of gains favored the latter pigs. These 
results were studied statistically and the differences were found to be 
statistically insignificant. 

It is concluded (1) that the energy value of the two meals is the 
same for growing-fattening pigs, and (2) also at the protein levels fed, 
the two meals were equally efficient in supplementing corn, alfalfa 
meal, and minerals. 
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GROWTH RATES OF HOST AND PATHOGEN AS FACTORS 
DETERMINING THE SEVERITY OF PREEMERGENCE 
DAMPING-OFF ' 

By L. Leach 

Plant pathologist, California Agricultural Experiment Station 

INTRODUCTION 


Severity of preemergence damping-off is determined by several 
factors, among which mass of inoculum, host susceptibility, tempera- 
ture, and soil moisture are usually the most important. Many workers 
have studied the effect of temperature upon seedling diseases. Two 
outstanding papers are those by Dickson (3),^ who demonstrated that 
Gibber ella saubinetii (Mont.) Sacc. produced severe infection upon 
corn at low temperatures and upon wheat at high temperatures, and 
by Jones, Johnson, and Dickson (9), who summarized the results of a 
number of temperature studies. The latter writers raised the question 
whether the dominant influence of temperature was through the 
pathogen or through the host. They concluded that with 6. saubinetii 
the effect must be through the host. The relative susceptibility of the 
host at different temperatures was explained by Dickson and Holbert 
(J) as due to chemical differences within the host. At about the time 
that Dickson (3) was making his experiments with (?. saubinetii 
Eichards {20) tested the pathogenicity of Rhizocfonia solani Kfihn 
upon several hosts and from these investigations Jones, Johnson, and 
Dickson (9, p. 59) concluded that the ^h'elation of temperature to 
parasitism with Rhizoctonia is a fixed character of the fungus’^ and 
that either the nature of the host nor its normal temperature rela- 
tions materially influence the temperature range for the parasitic 
action of this fungus.’’ 

In the present studies the pathogenicity of several damping-off 
fungi has been tested on different hosts in constant-temperature 
chambers with uniform soil mpistiire. Upon the same host several 
specific organisms show different temperature ranges for infection. 
Likewise a single organism may have different optimum temperature 
ranges for infection of different hosts. Usually the relative severity of 
infection at different temperatures did not correspond closely to the 
growth rate of either the host or the pathogen. As a rule, however, 
the percent of seedlings emerging from infested soil at different tem- 
peratures agreed closely with the ratio between the coefficient of 
velocity {11) oi emergence and the growth rate of the organism at the 
same tempera tiires {12] 13). Since this relation heild for several com- 
binations of hosts and pathogens, conceivably it might have a general 


^ Received for publication October 4, 1946. 

2 Italic numbers in parentheses refer to Literature Cited, p. 178. 
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application. Utilization of this principle would aid in the selection of 
planting periods that permit the seedlings to escape infection from 
some seedling pathogens and to avoid severe infection from others. 

PROCEDURE 

All tests were conducted in a series of eight thermostatically con- 
trolled temperature chambers at 4*^ to 35° C. Temperature varia- 
tions were less than 1° in all chambers except the 4° one, where read- 
ings as high as 6° or 7° were sometimes recorded during the long periods 
required for germination. 

DETERMINATION OF SEEDLING EMERGENCE RATES 

For studying seedling emergence Yolo fine sandy loam first was 
pasteurized at 80° to 90° (21) and then was moistened to field capa- 
city ^ (16 percent) with a spray of distilled water while the soil revolved 
in an electrically driven cement mixer. Plantings were made in the 
manner described by Doneen and MacGillivray (5). Ten No. 2 tin 
cans with friction tops and each containing 300 gm. of this soil. were 
placed in each temperature chamber along with a reserve of soil for 
covering the seeds. The following day, after the soil in each chamber 
had reached a constant temperature, 10 seeds of the host to be tested 
were placed in each can and covered with 100 gm. of soil from the 
same chamber. The cans were then topped and immediately replaced 
in the constant-temperature chamber. Each day the lids were re- 
moved so that germination might be observed and so that gases might 
not accumulate and inhibit germination. 

The emerged seedlings were counted daily during the emergence 
period and the coefficient of velocity of emergence at each temperature 
was calculated by the Kotowski (11) formula: 

Total emergence at end of period Y ^ 

Sum of (each daily emergence increase'^ 

X <iays since planting) 

The rate of emergence, can also be expressed by the mean emergence 
period (74) j calculated in the same way as the coefficient of velocit}^ 
except that the sum of the products is divided by the total emergence 
at the end of the trial. . Or the coefficient of velocity divided into 100 
is equal to the mean emergence period expressed in days. For' 
example, a coefficient of velocity of 4 indicates a, mean emergence 
period of 25 days, whereas one of 20 represents a mean emergence 
period of 5 days. The results in table 1 show that, relatively speak- 
ing, spinach is favored by low or moderate temperatures, whereas 
watermelons emerge rapidly only at high temperatures, a difference 
that is well kno^vn. Garden peas, wheat, and sugar beets emerge 
fairly rapidly 'at ;low temperatures, but are intermediate between 
the low- and high-temperature crops mentioned above. 


3 The writer is indebted to Dr. L. D. Doneen, of the Irrigation Division, Uni- 
versity of California, Davis, for adjusting the soil moisture and for making all 
moisture determinations. 
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Table 1. — Relation of temperature to emergence rate, of seeds planted in pasteurized 

soil 


Coefficient of velocity of emergence ^ 


Tempera- 
ture (° C.) 

Spinach 

Wheat 

Garden 

peas 

Sugar beets 

Water- 

melons 

4 

4.2 

2.6 

2.4 

1.6 

0 

8 

7.1 

5.1 

4.6 

4.6 

0 

12 

10.3 

10.1 

8.8 

8.4 

0 

16 

15.7 

13.2 

10.5 

10,8 

3.6 

20 

17.6 

15.2 

12.3 

16.1 

8.5 

25 

19.5 

20.9 

16.8 

23.4 

21. 1 

30 

15.4 

22.9 

15.1 

23.8 

28.7 

35 

None 

None 

None 

21.9 

33. 0 


J See definition, p. 162. 

DETERMINATION OF FUNGUS GROWTH RATES 

Some of the difficulties involved in measuring fungus growth rates 
have been reported by Fawcett {6), The time factor is important 
but it is difficult to secure comparable rates without selecting more or 
less arbitrary periods for the different temperatures. Measiirem.ents 
on potato-dextrose agar were secured by placing a 2-mm. disk of agar, 
from near the periphery of a young fungus colony, as inoculum in the 
center of preincubated agar plates. At each temperature, radial 
growth was measured at intervals of 24 hours or less until the colony 
approached the edge of the petri dish, and the average growTh in 
millimeters per 24-hour period was calculated. Near the optimum 
temperature, the maximum growth permitted by the dish was some- 
times reached within 48 hours, whereas at low temperatures several 
weeks were required by some organisms. 


Table 2. — Growth rates of 4 dampmg^off pathogens 


Tempera- 
ture CC.) 

Pythium ultimum on— 

Ehizoetonia 
solani on 
solid medium 

Aphanomyces 
cochUoides on 
solid medium 

Phoma betae 
on solid 
medium 

Solid 

medium 

Liquid 

medium 


Millimeters 

Milligrams 

Millimeters 

Millimeters 

Millimeters 


per B4 hours 

per 24 hourh 

per 24 hours 

per 24 hours 

per 24 hours 

4 

0.8 

1.0 

0 

0 

0.7 

S 

4.1 

3.6 

.1 

.6 

1.3 

12 

10.9 

12.2 

3.1 

2.1 

.2.4 

16 

17.2 

17.2 

6.9 

3.9 

3.0 

20 

22.4 

22.2 

13.4 

5.4 

4.3 

25 

29.1 

19.4 

19.0 

7.6 

4.7 

30 

27.5 

15,6 

19.6 

8.8 

3.6 

35 

6.8 

8.0 

9.7 

4.6 

.4 

40 

0 

0 

1.0 




As table 2 shows, the optimum temperature range for Pyihium 
ultimum Trow appeared to fall between 25® and 30® C. This corre- 
sponds to the results obtained by Middleton (f7), who found the 
highest gi’owth rate at 28®, but it is considerably lower than the 
optimum of 32® reported by Harter and Whitney (7) for an isolate of 
this species from sweetpotato. 

Since the mycelial growth of Pythium ultimum was less dense at 
30® and 35® C. than at 20® or 25®, the growth rata was also determined 
by dry-weight yield in a liquid medium. Flasks of potato-dextrose 
broth were inoculated in triplicate at each temperature. Again the 
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lenfftli of the incubation period had to be adjusted according to the 
rapidity of growth. At the end of the incubation period the fungus 
colony was separated from the medium in a filter and then washed 
and dried. The growth rate was measured by the average weight oi 
the dried colony in milligrams per 24 hours of incubation. As is 
shown by the results in table 2, the growth rates of P. on 

solid and in liquid medium were similar at temperatures oi 4 ? 

but growth at 25° and 30° was considerably less in the liquid medium. 
Most writers agree that measurement of fungus mass is more reliable 
than radial growth; and the growth rates in liquid medium are iisecl 
in all comparisons with P. %Uiinum. Since, however, other liingi 
such as Rkizodonia solani^ Phoma betas Frank, and Afhanomyces 
cochlioides Drechs. did not show the same difference in density ol 
colony, only the radial growth rates are used in this paper. 

EFFECT OF TEMPERATURE ON PREEMERGENCE DAMPING-OFF 

Infested soils were prepared by spraying a suspension of fungus 
mycelium into the pasteurized soil at the time the moisture content 
was adjusted. Young colonies of the hingus on agar media v ere 
suspended in distilled water by mixing with a Waring blender. 
coenocytic fungi such as Pyihiu7yh ■'iiltiimuiifi and^ Aphauotyiycss coch- 
lioides excessive mixing in the blender resulted in some loss of via- 
bility. The degree of infestation of the soil was^ governed by the 
amount of fungus inoculum added and by the time of incubation 
before planting. In each test the identity of the casual organism 
was confirmed by pure culture isolation from infected seedlings or by 
microscopic examination of infected seedlings placed, in. water culture. 

PYTHIUM INFECTION OP SPINACH 

To determine the severity of preemergence damping-off for each 
combination of host and pathogen, germination trials were conducted 
in pasteurized soil and in soil infested with a specific organism. For 
example, Prickly Wfinter spinach seed planted in pasteurized soil at 
various temperatures germinated at rates indicated by the coefficient 
of velocity shown in table 3. The percentage of seedlings that 

Table Z.— Relation of growth rates of spinach and Pythium idtim m^ to emergence 

in infested soil 



Emergence 


Katio of 
growth 
ratGs.2 host 
to pathogen 

Emergence in— 

Tempera* 
ture C C.) 

of spinach, 
coefficient 
of velocity i 

of P. 
uUimum 

Pythium 

soil 

Pasteurized 

soil 

4 

1 4.2 

Milligra ms 
per day 

1.0 

4. 20 

Percent 

95 

Percent 

95 

8 

! 7.1 

3.6 

1.97 

12 

90 

12 

\ 10.3 

12.2 

.84 

1 

96 ! 

16 

15.7' I 

17. 2 

. 91 

1 0 

95 1 

20 

17.6 

22.2 

.79 

( 5 


25 

19. 5 

19.4 

1.00 

16 

96 ! 

30 

15.4 

15.6 

.99 

j, 13 

23 [ 

35 

0 

1 

8.0 


1 , 0 

0 ! 


I See definition, above. 

j _ Emergence rate of spinach (coefficient of velocity). 

rate of P. uUimum (milligrams per day) 



Sept. 1, 15, 1947 Groioth Rates of Host and Pathogen 


165 


emerged at each tenipeiature mdicates that in the absence of patho- 
genic organisms spinach germinated about equally well between 4"^ 
and 25° C., but very poorly at 30° or above. 

In Pyj^Amm-infested soil, however, preemergence damping-off was 
severe at all temperatures above 4° C., but especially so between 12° 
and 20° (table 3). The ratio of growth rate of the host to that of the 
pathogen (column 4), bears a close relation to the emergence of 
spinach in PyifAmm-infested soil (fig. 1), with no preemergence in- 
fection at 4° w^here the ratio is above 4.0 but w^ith severe infection 
where the ratio drops to 1.0 or below. 

RHIZOCTONIA INFECTION OF SPINACH 

The ratio of the growth rate of spinach (table 4) to that of Rhizocto- 
nia solani shows that at 4° and 8° C. the host grew relatively faster 
than the fungus. At these temperatures there was no evid'ence of 


q^ABLE 4 . — Relation of growth rates of spinach seedlings and Rhizoctonia 
solani to emergence in infested soil 





Ratio of 
growth 
rates,' 
host to 
pathogen 


Emergence of— 


Temperature 
(° C.) 

Emergence 
of spinach, 
coefficient 

Growth 
rate of 

R. solani 

Seed lot A. in— 

Seed lot B in— 

of velocity 

Rhizoc- 
tonia soil 

Pasteur- 
ized soil 

Rhizoc- 
tonia soil 

Pasteur- 
ized soil 

4 

4.2 

Millimeters 
per day 

0 

CO 

Percent 

86 

Percent 

73 

Percent 

(2) 

Percent 

95 

vS 

7.1 

.1 

71.00 

81 

77 

(2) 

96 

12 

10. 3 

3.1 

3. 32 

65 

81 

93 

96 

16 

15.7 

6.9 

2.2.8 

35 

77 

82 

95 

20 

17.6 

13.4 

1.31 

1 

75 

34 

97 

25 

19.5 

19.0 

1.03 

0 

77 

1 

96 

30 

15.4 

19.7 

.78 

0 

11 

0 

23 

35 

0 

9.7 


0 

0 

0 

0 


Uatio - spinach (coefflcient of velocity) . 

Growth rate of R. solani (millimeters per day) ■ 
Not tested. 


preemergence damping-oft*. As the temperature increased, the ratio 
of host growth rate to pathogen growth rate decreased, and a corre- 
sponding increase in the severity of infection took place with both 
seed lots A and B (fig. 2,A. and B). Infection was less severe, how- 
ever, upon seed lot B with high germination than upon seed lot A 
which showed lower viability. 

Kotowski (11) found that the germination of spinach seed decreased 
with each increase in temperature from 5° to 30° C. In the present 
trials there were no differences in the percent of emergence of spinach 
seed planted in pasteurized soil between 4° and 25°; although emer- 
gence was reduced considerably at 30°. Since Kotowski^s results 
resemble those observed in infested soil, perhaps his sand medium 
contained a mild infestation of damping-off pathogens, such as 
Rhizoctonia solani. 
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Figitre 1. — Ay Coefficient of velocity of emergence of spinach in pasteurized soil, 
growth rate of Pythium ultinium in liquid medium, and ratio of emergence 
rates of spinach to growth rate of Pythium; B, percent emergence of spinach 
in pasteurized soil and in soil infested by P. ultimum compared %vith curve 
representing ratio of growth rates of host and pathogen reproduced from 
figure 1,A, Spinach escaped infection by P. ultimum at 4® C., wdiere the host 
grew relatively faster than the pathogen, and was most severely Infected be- 
tween 12® and 20°, where the fungus grew relatively faster than the host. 


RATIO 
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o 

< 

q: 




TEMPERATURE ("C.) 

Figueb 2. — A, Coefficient of velocity of emergence of spinach at temperatures 
of 4° to 40° C., growth rate of Rhizoctonia solani on agar, and ratio of emergence 
rate of spinach to growth rate of Rhizoctonia. The low’ temperatures were 
more favorable for the host and the high temperatures for the pathogen. B, 
Percent emergence of spinach in pasteurized and in RMzoctonia-mie^tea soil 
compared with curve representing ratio of growth rates of host and pathogen 
reproduced from figure 2, A 
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PYTHIUM INFECTION OP GARDEN PEAS 

Garden peas (variety Laxton’s Progress) germinate well in moist 
pasteurized soil at 4° to 30° C., but no emergence was obtained at 35° 
(table 5). Although peas emerge slowly at 4° and 8°, their growth 

Table 5. — Relation of growth rates of peas and Pythium ultimum to emergence in 

infested soil 


Temper- 

ature 

(°C.) 

Emergence 

Growth 
rate of 

Ratio of 
growth 

1 

Emergence in-— 

of peas» 
coefficient 
of velocity 

P. ultimum 
milligrams 
per day 

rates,! 
host to 
pathogen 

Pythium 

soil 

Pasteurized 

soil 

4 

2. 4 

1.0 

2. 40 

Percent 

66 

Percent 

89 

8 

4. 6 

3.6 

1.28 

18 

90 

12 

8.8 

12.2 

.72 

2 

98 

16 

10.5 

17.2 

.61 

0 

93 

20 

12.3 

22.2 

.55 

0 

93 j 

25 

16.8 

19.4 

.86 

2 

94 

30 

15. 1 

15.6 

.97 

32 

86 

35 

0 

8.0 


0 

0 


. Emergence rate of peas (coefficient of velocity) ^ 

Katio— j-ate of P. ultimum (milligrams per day) 

rate is relatively faster than that of Pythium at these temperatures 
(fig. 3, A) and infection was less severe than at higher temperatures. 
Seed decay and preemergence infection were most severe between 12° 
and 25° (fig. 3, j8). In this trial the inoculum was so heavy that 
practically all seedlings were destroyed at these temperatures and 
dift'erences between the temperatures were obscured. 

The occurrence of less infection upon peas at low than at inter- 
mediate temperatures confirms Reinking's (IP, p. Jfl) conclusion that 
“peas should be planted as early as possible in order to take advantage 
of the cooler soil temperatures that are unfavorable to fungous develop- 
ment.'^ McNew {16) stated that seed decay was more severe in cool 
soils (15° to 20° C.) than in warmer ones (29° to 32°). His cool soils 
fall, however, within the optimum range for infection as shown in 
table 5. 

In all comparisons of temperature effects, soil moisture must be 
maintained at similar levels, since, as shown by Jones (<§), soil moisture 
is perhaps more important than temperature in determining the sever- 
ity of pea seed decay, 

PYTHIUM INFECTION OF SUGAR BEET 

Sugar beet seedlings develop faster than Pythium ultimum at both 
high and low temperatures (table 6), but at intermediate tempera- 
tures the pathogen develops faster. 

In the absence of soil-borne organisms, the greatest niimbp of 
sugar-beet seedlings was produced at 12° to 30° C., somewhat fewer 
at 4° and 8°. A temperature of 35°, however, not only reduced the 
number but resulted in the production of weak seedlings. In 
Pythium-miQ^ied. soil, preemergence damping-off was most severe at 
12° to 20°, where the ratio of the growffh rate of the host (table 6) 
to that of the pathogen was the lowest. 
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Table 6. Relation of growth rates of sugar beets and Pythiurn ultinium to 
emergence in infested soil 


Temper- 
ature 
(° C.) 

Emergence 

Growth 
rate of 

P. ultimum 

Ratio of 

Emergence of seedlings per 100 seed 

balls in— 

of sugar 
beets, 
coefficient 

growth 
rates,* 
host to 


Pythiurn soil 

Pasteur- 

ized 

soil 


of velocity 


pathogen 

Trial A 

Trial B 

Trial C 

4 

1.6 

Milligrams 
per day 
1.0 

1.60 

No, 

54 

No. 

70 

No. 

46 

No. 

114 

8 

4.6 

3.6 

1. 28 

32 

18 

28 

145 

12 

8.4 

12.2 

.69 

1 

0 

15 

186 

16 

10.8 

17.2 

.63 

0 

0 

15 

189 

20 

16.1 

22.2 

.72 

0 

0 

12 

193 

25 

23.4 

19.4 

1. 21 

5 

2 

38 

209 

30 

23.8 

15.6 

1.52 

49 

30 

132 

192 

35 

21.9 

8.0 

2.74 

109 

141 

90 

75 


, _ Emergence of beets (coefficient of velocity) 

^ Growth rate of P. ultimum (milligrams per day) * 


Since the zone of severe infection coincides with the most favorable 
temperatures for germination of sugar beets (fig. 4, A) and since in- 
fection may be fairly severe throughout the normal range for ger- 
mination (8^^ to 30^ C.) (fig. 4, 5), there is little possibility of elim- 
inating Pythiurn infection by altering the planting date as long as soil 
moisture conditions remain favorable for the pathogen. 

RHIZOCTONIA INFECTION OF SUGAR BEET 

When the growth rates of sugar beets and Rhizoctonia solani (table 
7) are compared, low temperatures seem to be much more favorable 
to the host than to the pathogen (fig. 5, A). In soil of moderate in- 
festation (trial A), preemergence damping-off was most severe at 20° 
to 30° C., corresponding to the lowest ratios of the emergence rate 


Table 7. — Relation of growth rates of sugar beets and Rhizoctonia solani to emergence 

in infested soil 


Tempo- 

rary 

CC.) 

Emergence 
of sugar 
beets, co- 
efficient 
of velocity 

Growth 
rate of 

P. solani 

Ratio of 
growth 
rates * 
host to 
pathogen 

Emergence of— 

Seedlings per 100 seed balls in— 

Rhizoctonia soil 

Pasteur- 
ized soil 

Trial A 2 

Trial B 3 



Millimeters 







per day 


Number 

Number 

Number 

4 

1.6 

0 

CO 


116 

114 

8 

4.6 

.1 

46.00 

122 

143 

145 

12 

8.4 

3.1 

2. 71 

199 

185 

186 

16 

10.8 

6.9 

1.56 

128 

3 

189 

20 

16. 1 

13.4 

1.20 

S3 

0 

193 

25 

23.4 

19.0 

1.23 

23 

0 

209 

30 

23.8 

19.7 

1.21 

73 

4 

192 

35 

21.9 

9.7 

2.26 

147 

53 

75 


1 R t' Emergence of beets {coefficient of velocity') 

a 10 — Qf p solani (millimeters per day)* 

2 Soil moderately infested. 

3 Soil heavily infested. 

759637 - 47-" — 2 
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Figuee 3. — A, Coefficient of velocity of emergence of garden peas, growth rate 
of Pyihium ulthnum in liquid medium, and ratio of emergence rate of peas to 
growth rate of Pyihium; B, percent emergence of peas in pasteurized and in 
Pythium-infested soil compared with curve representing ratio of growth rates 
of host and pathogen reproduced from figure 3, A. Seed decay was less severe 
at high and low temperatures than between 12® and 25® C., a relation corre- 
sponding to the ratio between growth rates of host and pathogen. 


RATIO RATIO 
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4 8 12 16’ 20 25 30 35 40 


TEMPERATURE (*^0.) 

Figure 4. — A, Coefficient of velocity of emergence of sugar beets, growth rate of 
Pythium ultinmm in liquid medium, and ratio of emergence rate of sugar beets 
to growth rate of Pythium; B, percent emergence of sugar beets in pasteurized 
soil and in soil infested by P. ultimum compared with curve representing ratio 
of growth rates of host and pathogen reproduced from figure 4, A, Pythium 
infection was severe throughout the temperature range favorable for germina- 
tion of sugar beets. 
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4 8 12 16 20 25 30 35 40 

TEMPERATURE (*^0.) 


Figuee 5. — A, Coefficient of velocity of emergence of sugar beets, growth rate 
of Rhizoctonia on agar, and ratio of emergence rate of sugar beets to growth 
rate of Rhizoctonia; B, percent emergence of sugar beets in pasteurized soil 
and in soil infested by R. solani compared with curve representing ratio of 
growth rates of host and pathogen reproduced from figure 5, A. Infection 
was severe between 16° and 30° C. with a maximum at 25°, near the optimum 
for both host and pathogen, but there was no infection at 12° or below where 
the host grew relatively faster than the fungus. 
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of the host to the growth rate of the pathogen (fig. 5, B). With a 
heavy soil infestation (trial B), infection was severe at 16^ to 30°, 
but no preemergence damping-off occurred at 12*^ or below in either 
trial. 

These results suggest that plantings at low teinperatiires would 
escape Rhizoctonia infection. Such a conclusion is supported by the 
fact that in central California this fungus is rarely recovered from 
early spring plantings but frequently from later ones. 

PHOMA INFECTION OF SUGAR BEET 

Phoina betae differs in one respect from the pathogens previously 
discussed. Instead of being soil-borne, it is carried either internally 
or externally on the beet seed balls produced in some areas. This 
fungus grows slowly at all temperatures, but a study of the relative 
growth of sugar beets and Phoma (table 8) shows that the higher the 

Table 8. — Relation of temperature to growth of Phoma betae and to einergeAice of 

Phoma-infected beet seed 


Tempera- 

ture 

CC.) 

Emergence 
of beets, 
coefficient 
of velocity 

Growth 
rate of 

P. hetae, 

Ratio of 
growth 
rates, 1 
host to 
pathogen 

Emergence in pasteurized soil of 
seedlings per 100 seed balls 

P/i07«fl-iiifected 

seed 

Disease* 
free seed 

Lot A 

Lot B 



Milligrams 







per hours 


Number 

Number 

Number 

4 

1.6 

0.7 

2. 28 

3 


114 

8 

4.6 

1.3 

3. 54 

9 

38 

145 

12 

8.4 

2.4 

3. 50 

41 

91 

186 

16 

10. 8 

3.0 

3.60 

45 

102 

189 

20 

16.1 

4.3 

3.74 

77 

139 

193 

25 

23.4 

4.7 

4 98 

129 

144 

209 

30 

23.8 

3.6 

6.61 

131 

132 

192 

35 

21.9 

.4 

54. 75 

68 


75 


1 Ratio— Qf beets (coefficient of velocity) ^ 

Growth rate of P. milligrams per day) * 

temperature the more favorable it is for the host as compared with 
the pathogen. 

With most seed lots Phoma produces chiefly postemergence root 
or hypocotyl infection and little or no preemergence damping-off. 
In a few heavily infected lots, however, preemergence infection was 
abundant. Two of these lots, A and B, were tested in pasteurized 
soil at 4° to 35° C. Each emerged as well at 25° or 30° as when the 
lots were disinfected before planting; but at low temperatures the 
emergence of PAoma-infected lots dropped much lower than that of 
disease-free seed lots at the same temperatures, xis shown by table 8, 
the zone of severe preemergence infection corresponds to the lowest 
ratios between host growth rate and pathogen growth rate. 

Low emergence of both infected and disease-free seed lots at 35° 
C. is characteristic of all plantings at that temperature. 
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PHYTHIUM INFECTION OF WATERMELON 

In contrast to spinach and peas, waterinelon is typical of high- 
temperature crops. Even in pasteurized soil (table 9) no seedlings 
emerged at 12° C. or below, only a few appeared at 16°, but excellent 
results were obtained at 20° to 35°. The highest emergence rate 
was found at 35°, with the rate decreasing as the temperature was 
lowered (fig. 6, A). The ratio of growth rates shows that at low 
temperatures Pythium grew relatively faster than watermelon, whereas 
at high temperatures this relation was reversed. 


Table Q.-— Relation of growth rates of watermelon and Pythium ultinmm to 

emergence in infested soil 



Emergence 
of water- 
melon, co- 
efficient 
of velocity 


Ratio of 


Emergence in™ 


Temperature 

C°C.) 

Growth 
rate of 

P. ultimum y 

growth 
rates, 1 
host to 

Pythium soil 

Pasteurized 


pathogen 

Trial A 2 

Trial B s 

Trial C ^ 

soil 

4 

8 

12 

0 

0 

0 

Milligrams 
per day 
1.0 

3.6 

12.2 

ooo 

Percent 

Percent 

Percent 

Percent 

0 

0 

0 

0 

16 ' 

3.6 

17.2 

.21 

0 

0 

0 

17 

20 

8.5 

22.2 

.38 

20 

0 

1 

94 

25 

21.1 

19.4 

1.09 

64 

1 

6 

90 

30 

28.7 

15.6 

1.84 

73 

19 

8 

92 

35 

33.0 

8.0 

4.12 

98 

91 

4 75 

96 


. Emergence of watermelon (coofFicient of velocity) 

J Katio«* rate of P. uttimum (milligrams per clay) 

2 Moderately infested soil. 

3 Heavily infested soil. 

*zrc. 

By. comparing the emergence in pasteurized soil with that in 
moderately infested soil (trial A), one can see that preemergence 
infection was severe at 16° and 20° C., moderate at 25° and 30°, 
and totally absent at 35° (fig. 6, B). In heavily infested soil (trials 
B and C) severe pi'eemergence infection occurred at temperatures as 
high as 30° but not at 35°. The unintentional lowering of the tem- 
perature from 35° to 33° resulted in some preemergence infection 
in trial C. 

The severity of infection in each trial was closely related to the 
ratio of growth rates at that temperature (fig. 6, S). 

These data strikingly resemble Arndt’s results (1) with cotton 
seedlings in Pythium-infested soil. Comparison of Arndt’s “time 
required for emergence” for cotton with the present data on the growth 
rate of P. ultimum (table 2) indicates that his ratios would be similar 
to those for waterjnelon and PytMum^ at the same temperature. 
Arndt’s findings could therefore be explained on the same basis. 

RHIZOCTONIA INFECTION OF WATE.RMELON 

Although BMzoctonia solani does not grow so well at low tempera- 
tures as Pythium ultimum, its growth rate exceeds that of water- 
melon seedlings below 25° C. Above that temperature, conditions 
are increasingly favorable to watermelon. A single trial in heavily 
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Figube 6, — A, Coefficient of velocity of emergence of a high temperature crop, 
watermelon; growth rate of a low temperature fungus, PyiUum ultimum; and, 
ratio of the emergence rate of watermelon to growth rate of Pythium. B, 
Percent emergence of watermelon in pasteurized soil and in soil infested by 
P. ultimum compared with curve representing ratio of growth rates of host 
and pathogen reproduced from figure 6, A, Low temperatures favored the 
growth of the pathogen whereas high temperatures favored that of the host; 
damping-off decreased as the temperature rose. 


RATIO RATIO 
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infested soil (table 10) shows that Rhizoctonia causes severe seed 
decay and preemergence damping-oif at, 16° to 25°, but little if any 
preemergence infection at 30° and 35°. 


Table 10 . — Relation of growth rates of watermelon and Rhizoctonia solajii to 

emergence in infested soil 


Tempera- 
ture (°C.) 

Emergence 
of water- 
melon, 
coefficient 
of velocity 

Growth 
rate of 

R. solani, 

Eatio of 
growth 
rates ^ 
host to 
pathogen 

Emerge 

Rhizoc- 
tonia soil 

nee in-- 

Pasteur- 
ized soil 



Millimeters 






per day 


Percent 

Percent 

4 

0 

0 




s 

0 

. 1 

0 



12 

0 

3.1 

0 

0 

0 

16 

3.6 

6.9 

.52 

0 

17 

20 

8.5 

13.4 

.63 

0 

94 

25 

21.1 

19.0 

1.11 

0 

90 

30 

28.7 

19.6 

1.46 

83 

92 

35 

33.0 

9.7 

3. 40 

90 

96 


1 T> • Emergence of watermelon (coefScieat of velocity ) ^ 
rate of R. solani (millimeters per day) 

DISCUSSION 

The comparisons in tables 3 to 10 and figures 1 to 6 illustrate eight 
combinations of hosts and pathogens. The severity of preemergence 
damping-oft' appears to be closely related sometimes to the growth 
rate of the host and sometimes to the growTh rate of the pathogen. 
Neither of these factors alone adequately explains, as a rule, the 
relation between temperature and the ^ severity of preemergence 
damping-off. However, in all combinations of host and pathogen 
tested, the ratio between the coefficient of velocity of seedling emer- 
gence and the growth rate of the pathogen is inversely related to 
the severity of infection. If this relation has general applications, 
then one can establish a temperature range within which infection is 
absent, a range within which infection is moderate, and one within 
which it is severe for any combination of host and pathogen, provided 
the growth rates of the two are known. 

This concept explains why, in general, high-temperature crops like 
cotton, cowpeas, lima beans, and peanuts are more subject to seed 
decay or preemergence damping-off at low than at high temperatures, 
whereas low-temperature crops like spinach and peas often suffer 
less infection at low than at intermediate or high temperatures, 
provided soil moisture conditions are similar. By studying seasonal 
temperatures one is sometimes enabled to plant certain crops within 
escape periods for specific pathogens, or at least to avoid the period 
of most severe infection. If plantings of susceptible crops must be 
made during the period favorable for infection, then seed treatment 
is imperative; and one should select the specific treatment most 
effective against the organism or organisms most likely to operate 
at a given soil temperature. 

In all combinations of host and pathogen, the lower the ratio of the 
growth rates, the more severe was the preemergence damping-off. 
For example, with sugar beets a rapid-growing fungus such as Pythiu/m 
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ultimum shows a growth-rate ratio below 1.0 and causes severe 
preemergence infection at temperatures favorable to the fungus. 
With Rhizoctonia solani, a somewhat slow^er-growing fungus, the ratio 
of growth rates at temperatures most favorable to the fungus is be- 
tween 1.0 and 2.0. At these temperatures Rhizoctonia produces less 
preemergence infection than Pythium but may cause considerable 
postemergence infection. With a slow-growing fungus, such as 
Afhanomyces cochlioides^ sugar beets show a growth-rate ratio of 2.5 
to 3.2 at the temperatures most favorable for the fungus. Infection 
by this organism is limited almost entirely to the postemergence 
phase, as reported by Buchholtz (2). 

Apparently, therefore, ratios of below 1.0, indicating that the growth 
rate of the pathogen exceeds that of the host, are associated with the 
potentiality of severe pi’eemergence infection. As the ratios increase 
from 1,0 to 4.0 the probability of preemergence infection is lessened, 
but postemergence infection may be severe. Katios above 4.0 are 
associated with total absence of preemergence damping-off. 

The present studies were limited chiefly to observations on pre- 
emergence infection, since the methods employed wTJ*e not suitable 
for testing the effect of temperature on postemergence phases. Prob- 
ably, however, the same relations hold for many types of infection on 
rapidly growdng plant parts. 

The occurrence of strains of a pathogen having difl'erent temperature 
requirements would alter these relations; and, when tested on the 
same hosts, a low’'-temperature strain of Rhizoctonia solani such as 
reported by Kadow and Anderson (10) would probaby not show the 
same temperature relations as the strain used in these trials. 

The similarity between the ratio of growth rates and the severity of 
infection does not necessarily mean that growth rate is the controlling 
factor. In specific cases the susceptibility of seedlings has been shown 
to be correlated with chemical differences in the host brought about by 
temperature, as reported by Dickson and Holbert (4) and by Reddy 
(18), Investigations by McClure and Robbins (15) showed that 
resitance of cucumber seedlings to postemergence infection by Pyth~ 
iu?n was associated with cell- wall lignification, which in turn was 
influenced by age of seedlings, nitrogen nutrition, and light. 

Probably, how^^ever, even in these cases, the physiological or ana- 
tomical changes in the host that limit infection are closely associated 
with the growth rate of the host and infection is related to the relative 
activity of the host and the pathogen. 

SUMMARY 

To determine the effect of temperature upon the severity of pre- 
emergence damping-off, spinach, sugar beets, peas, and watermelons 
were germinated in pasteurized soil and in soil infested by specific 
pathogens and maintained at controlled soil moistures and temperatures. 

The coefficient of velocity of emergence w^as determined for each 
host from daily emergence counts in pasteurized soil at each tempera- 
ture. The growth rate for each pathogen w- as determined at each tem- 
perature from measurements on agar plates or from nutrient solutions. 

Spinach, a low temperature crop, was most severely infected in 
soil between 12° and 20° C. and escaped preemerg- 
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ence infection only at 4®. In iJ/ii^octo/iia-infested soil^ however^ 
spinacli suffered little or no preemergence infection at 12° or below, 
moderate infection at 16°, and severe pi*eeniergence damping-off 
at 20° or above. 

Watermelon, a high temperature crop, escaped infection by either 
Pythium or Ehizoctonia at 35° C. but was more severely infected as 
the temperature was lowered. 

In PythiumAniested soil, seed decay and preemergeiice infection of 
garden peas was most severe between 12° and 25° C. 

The temperature ranges in which the most severe preemergence 
infection of sugar beets occurred were: PythiumAnfested soil, 12° 
to 20° C.; Rhizoctonia, 16° to 30°; and from seed infected with Phoma 
hetae^ 4° to 20°. 

In all combinations of host and pathogen preemergence infection 
was most severe at temperatm-es that were relatively less favorable 
to the host than to the pathogen as measured by the ratio of their 
growth rates. 

From these trials it appears, therefore, that other factors being 
constant, the relative growth rates of the host and pathogen determine 
to a considerable degree the severity of preemergence infection at 
different temperatures. 
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EESISTANCE OF LATHYRUS SPP. AND PISUM SPP. TO 
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Senior pathologist, Division of Forage Crops and Diseases, Bureau of Plant 
Industry, Soils, anid Agricultural Engineering, Agricultural Research Adminis- 
tration, United States Department of Agriculture 


INTRODUCTION 

The culture of the Austrian Winter field pea, a A^ariety of Pisum 
satimmi L., groAvn as a winter cover crop throiigiiout the southeastern 
part of the United States and the Pacific Northwest, is considerably 
restricted by its susceptibility to diseases. Most destructive of these 
diseases in the Southeast are those caused by AscocJiyta pinodella L. 
K. Jones, MycmphmreUafinod^^ (Berk, and Blox.) Vest., and Apha- 
norriyces euteickes Drechs. In the hope of discovering for use in 
breeding Avork a field pea more resistant than the Austrian Winter 
variety to these fungi a study aatis initiated in tlie autumn of 1935 at 
Experiment, Ga. During a lO-year period many different lots of 
Pisum and a few of Lathyrns were tested, many of them several times. 
Some of the difficulties involved and the methods of surmounting 
them Avere described in a preliminary report in 1940.'^ The present 
paper records the results of the studies of the species, varieties, and 
strains for resistance to A. pinodeUa and M. pinodes only. The in- 
A'estigations of A. eiiteiches are not entirely complete, and the results 
will be reported at some future date. 

MATERIALS AND METHODS 

The seeds used in these investigations were obtained in this country 
and from abroad. FeAv of the peas tested, other than the lots of the 
Austrian Winter variety, were able to survive the more severe of the 
Avinters at Experiment, Ga. It became necessary, therefore, to provide 
a measure of protection for the plants, especially during cold nights. 
PreAuousl}^ described hotbeds,^ heated Avith electric cable and coATred 
Avith heavy cloth, Avere found to be adequate. The seeds were planted 
during the first half of October in Avell-fertilized field soil in 6“inch 
pots. When aAuiilable, 10 seeds Avere planted in each pot. 


^Received for publication March 13, 1947. Cooperative investigations of the 
Division of Forage Crops and Diseases and the Georgia Agricultural Experiment 
Station. Paper No. 155, Journal Series, Georgia Agricultural Experiment Station. 

‘^Grateful acknowledgment is made to Roland McKee, Division of Forage 
Crops and Diseases, to H. A. Schoth, Oregon State College, Corvallis, Oreg., and 
to the many others who supplied the seed used in these investigations. 

AVeIMER, J. L. METHODS OF VALUE IN BREEDING AUSTRIAN WINTER FIELD PEAS 
FOR DISEASE RESISTANCE IN THE SOUTH. Phytopathology 30: 155-160, illus. 1940. 
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In order to insure abundant infection 2- to I-iiich plants were 
inoculated by placing on the surface of the soil 1 or 2 tablespoonfuls 
of autoclaved peas on which the fungus to be tested was growing. 
After the inoculum was applied, the pots were watered thoroughly 
and kept covered with the hotbed cloth for 2 days; this cover was wet 
down several times during that period. 

Since 2 fungi {Ascochyta finodella and Mycosfhaerella pinodes) 
were involved, it was necessary to have 2 duplicate sets of pots, 1 set 
in each bed. Thus, in most experiments 40 plants were under test at 
the same time. Wlien the results were not conclusive, the lots were 
included in the test the following year. Pots of the Austriaii Winter 
variety, which was used as the control, were scattered throughout the 
beds. 

Samples of seed were sometimes obtained after the general 
planting had been made. The plants from such seed often made poor 
growth "until late spring. These small plants were almost always less 
severely diseased than those of the lots planted earlier. 

In late spring, usually about the first of May, the best plants were 
taken from the'hotbeds to a cloth enclosure,® and seeds were obtained 
from most of them. Seeds thus obtained were tested again in the 
hotbed the following season. The best plants were also used as parents 
in the breeding program. 

When sufficient seeds were available, duplicate rod rmvs were planted 
in the field on land that had grown peas for two or more consecutive 
years. No attempt was made to inoculate the field-grown plants, and 
the amount of infection varied considerably from year to year, de- 
pending on the rainfall. In some years a large proportion of the plants 
growing in the field were killed by freezing and disease. 

In addition to stand counts made in late autumn, notes were taken 
at irregular intervals, usually two or three times during the spring 
months. The final observations were made in late April or early May. 
The ratings made at this time were used as the best obtainabie 
criterion of the resistance of the plants. 

Hotbed space, seed, and labor were not available in sufficient 
quantity to permit the planting of enough replications to make a 
statistical study of the data worth while. The fact that the control 
pots in different parts of the same hotbed varied widety showed that a 
large number of replications would have been necessary to establish 
statistically significant differences. In view of these variations it was 
concluded that only the rating denoting the most severe infection could 
be accepted as indicative of the susceptibility of a variety. Often 
ratings were influenced by place effect, seasonal growtli rate, and 
doubtless other factors not always recognized. When possible, doubt- 
ful ratings were checked in repeated hotbed tests as well as in field 
plots. 

The plants were rated as follows: Immune, highl^r resistant, re- 
sistant, moderately resistant, susceptible, and very susceptible. No 
counts were made. The most important items considered in making 
the ratings were (1) killing of the plants, (2) extent of the damage to 
the lower part of the stem and percentage of stem involved, (3) niim- 
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ber of basal leaves that had been killed, and (4) severity of spotting 
and amount of dead tissue in the upper leaves. ■ • 

It was found that, even though the pots inoculated with the two 
fungi were kept in separate hotbeds, the distance between them was 
not sufficient to prevent the spread of the fungi from one bed to the 
other. Consequently there was a mixture of the two fungi in both 
beds, especially by late spring. Since the symptoms produced by the 
two fungi are so nearly alike, it was impractical to differentiate plants 
affected by^ them. Likewise, septoria leaf spot sometimes was preva- 
lent early in the spring as a result of natural infection. It was im- 
possible, therefore, to give to each lot of plants a rating that would 
denote its true reaction to either of the fungi tested. Such ratings, if 
desired, must be obtained by other experimental methods. The results 
presented in this paper must be considered as a composite reaction of 
the plants to inoculation with Ascoehytm pinodella and Mycosphaerella 

? inodes and to a slight extent to natural infection with Septoria pisi 
^^est. Whenever possible, however, injuiy caused by Septoria was dis- 
regarded. From many viewpoints composite results of this nature are 
not the most desirable, but they represent exactly the condition found 
in the field. Since the objective of these tests* was to find breeding 
stock that would survive this combination of diseases, the methods were 
considered suitable for the purpose. 

SYMPTOMS USED IN BATING BESISTANCE 

Although several thousand plants were inoculated and studied, 
there was not found any single symptom that would consistently dif- 
ferentiate the diseases caused by Aseochyta pinoclella and Myco- 
sphaereUa pinodes under the conditions of these experiments. The only 
certain method of determining which fungus was present was to make 
isolations. The study of pycnidia often present on dead parts was also 
helpful. The symptom most commonly found early in the spring was 
a browning or blackenin|g of the base of the stems, which usually 
started just below the surface of the soil. In very susceptible varieties 
the stem was decayed entirely through in a relatively short time and 
the plant died; in other varieties the damage was more superficial, and 
death came more slowly, if at all. Some plants tested were already 
killed, or nearly so, when the Austrian Winter plants showed almost 
no disease. There w^ere all gradations between these extremes. 

Another prominent symptom was leaf spot. Usually this did not de- 
velop in abundance until later in the spring, when it varied in severity, 
depending largely on weather conditions. The leaves were killed from 
the base of the plants upward. Sometimes 6 inches to 2 feet of the 
ends of the vines still had green leaves at the time the experiment was 
discontinued. In wet seasons all of the green leaves were more or less 
spotted, but when conditions were less favorable for infection some of 
the leaflets at the ends of the vines had few or no lesions. 

The presence or absence of leaf spotting, especially late in the 
spring, was of doubtful value as an aid in rating the different lots. 
Many of the plants grew rapidly and produced long vines that climbed 
over the tops of the other plants or the sides of the bed where there 
were free air circulation and consequent rapid dissipation of rain 
and dew. Other plants grew slowly, and their tops always remained 
near the ground where the humidity was higher. 
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The spotting of pods was of no importance in this work, since the 
experiments w-ere largely discontinued before pods were formed. 

The plants of certain varieties grew rapidly throughout the season, 
whereas those of others grew slowly and made almost no growth during 
the colder winter months. In the former group were most of the 
English, or garden, peas {Pisum sativum) ; in the latter group were 
the more winter-hardy types such as the xiustrian Winter peas. The 
diseases frequently appeared to make progress in proportion to the 
rate of growth of the plant, so that the stems of rapidly growing 
plants often quickly decayed and the plants were killed or nearly 
killed (fig. 1) at a time when the slower growing plants still remained 


Figure 1. — Field pea iilants from an inoculated imported lot of seed, typical of 
the rapid-growing type of plant, as they appeared on F*ebruary 12, 1941. 
Practically all of the lower leaves had been killed, and large dark-brown 
lesions were present on the stems. All of the plants were dead on March 26. 
They were planted at the same time and treated the same as those shown in 
iigures 2 and 3. X 14- 
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fairly free from disease (figs. 2 and 3). The slower growing lots in 
turn became severely diseased when they started rapid growtli in the 
spring. The final result, insofar as the total amount of disease was 
concerned, was about the same by late spring, although some lots lived 
to produce much more green weight than others. 


Ficuke 2,^ — Inoculated Austrian Winter field peas from a hotbed as they appeared 
on February 12, 1941. Some very small stem and leaf lesions caused by AhgocJi- 
yta pmo'della and MycospliaereUa pinocles were evident, and some of the lower 
leaflets liacl been killed by Septoria pisL In general, however, the plants were 
still fairly healthy as compared with those shown in figure 1. X 


EXPERIMENTAL RESULTS 

In some experiments a few isolated lots of Pisum sativum showed 
some resistance, but when retested they too \vere very susceptible to 
Ascochj/ta fine della and MycosfhaeTella f inodes. The named va- 
rieties and the unnamed strains of Pisum sativum^ the unnamed strains 
of Pisum spp., and the lots of seed with numbers only that were rated 
as very susceptible follow. 

Varieties of Pisum sativum: Varieties of Pisum sativum — Con. 

Admiral (F. C.’ 29931) Alaska (F. C. 29932) 

Advancer (F. C. 30049) Alberta Blue (F. C. 29933) 

Agnes No. 7 (F. 0. 29911) Alcross (F. C. 30051) 

Alah Alderman (F. 0. 30052) 


> F. C. refers to accession numbers of Division of Forage Crops and Diseases. 


i Oi 



Figure 3. — Inoculated plants of a double cross from the same hotbed as those in 
figures 1 and 2 as they appeared on B^ebriiary 12, 1941. These plants made 
slow growth and remained healthy much longer than the rapid-growing type 
shown in figure 1. They had been rated as very highly resistant to Ascochtjia 
and Mi/cospJiaerella on January 31 ; but, like the Austrian Winter plants shown 
in figure 2, they were rated as very susceptible on April 28. X ^,4. 


Varieties of Pisimi mMvnnt — Con. 
Carlton (F. O. 29945) 

Chancellor (F. C. 29916) 

Chang (F. C. 29914; F. C. 30059) 
Chinese Purple (P. I. 137118) 
Clamart (F. 0. 29915) 

Colorado Marrowfat ( F. C. 29947 ) 
Concordia (P. I. 137175) 

Cossacks (F. C. 29948) . 

Creole 

Ciidoiz 

Daniel O'Bourke (F. C. 29949) 
Dashaway (F. C. 30060) 

Delano (F. C. 29950) 

Desi (F. C. 29951) 

Dwarf Telah 

Earliest Perfection (F. C. 30063) 
Early Britain (F. C. 29952) 

Early Briton (F. C. 30061) 

Early Perfectah 
Early Perfection 
Early Sabljas 

Early Washington (F. C. 30062) 
Early White (F. C. 29953) 
Express 

Farnham (F. G. 29956) 

.. First and Best (F. C. 29957) 
French Gray ( F. C. 29916 ) 


Varieties of Pisum sativum — Con. 
Alfred (F. C. 29984) 

Allan Canner (F. C. 30053) 
American Wonder (F. C. 30054) 
Amraoti (F. C. 29935) 

Andes (F. 0. 29936) 

Arabelle (F. C. 30073) 

Archer (F. C. 29937) 

Arthur (F. C. 29938) 

Arthur 108 (F. C. 29939; F. C. 
30055) 

Austrian Winter ' 

Bangalia (P. C. 29940) 

Belgium Sugar (P. 137124) 

Benah 

Black Eye (F. C. 29913) 
Black-eyed Marrowfat (P. C. 
22431) 

Bliss Everbearing 

Blue Bantam (F. 0. 30057) 

Blue Imperial (P. C. 29942) 

Blue Prussian (F. C. 29941 ; F. C. 
30058) 

Bothnia (P. I. 137174) 

Brown Abyssinian 

Canadian Beauty (F. 0. 29943; 

F. C. 29944) 

“Capucyners” 


78 lots from different sources. 

P. L refers to accession numbers of Division of Plant Exploration and Introduction, 
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Varieties of Piston sativum — Con. 
French June (F. G. 29958) 

Friale (F. C. 29959) 

Giant Edible Pod 
Golden Marrow (F. C. 29917) 
Golden Marrowfat (F. C. 30065) 
Golden Vine (F. 0. 22429) 

Gradah 

Gradus (F. C. 30066) 

Green (F. C. 29961) 

Green Scotch (F. G. 30067) 
Greenville Nitrogen (F. C. 19003) 
Gregory (F. C. 29962) 

Grey Winter (F. O. 29963) 

Gyllen (P. 1. 137176) 

Hanford’s Canner (F. 0. 30068) 
Hangchow (F. C. 29964) 

Harrison Glory (F. C. 30069) 
Hawley’s Improved (P. C. 30070) 
Piero (F. I. 137177) 

Home Delight 
Ploral (F. C. 30071) 

Horsford Market Garden (P\ C. 
30072) 

Pliindredfold 

Kaiser (PV G, 29970; F. C. 30074) 
Killarney (F. G. 29969) 

Kron (P. I. 137178) 

Laxton Progress 
Lima (F. C. 29918) 

Lincoln (F. C. 31015) 

Little Gem (F. C. 30075) 

Little Marvel (F. C. 30076; F. C. 
30077) 

MacKay (F. C. 29971) 

Maple Pea (F. C. 29922; F. G. 
29920) 

Marchioness (F. C. 29972) 
Marcrosse (F. C. 29973) 

Marrow 

Mar scot (F. C. 29974) 

Marvel 

Mash (F. C. 29975) 

May 

McAdoo 

McKay Blackeye (F. C. 22430) 
Merhaim 

Meyer (F. G. 29976) 

Minn. No. 95 (F. C. 29977) 
Multiplier (P. C. 29978; F. C. 
29979 ) 

N^son (F. C. 29980) 

Ne Plus Ultra (F. C. 30080) 

New Canadian Beauty (F. C. 
29919) 

New Perfection (F. C. 29981) 
Nott’s Excelsior (F. C. 30079) 
Opeiishaw (F. C. 29982) 

Ostgota Green (P. 1. 137180) 
Ostgota Yellow (P. I. 137181) 
Ottawa (P. 0. 30082) 

Papago Indian Pea 
Paragon (PI 0. 29983 )■ 

Partridge (Ph C. 29984) 
Peluskchka (F. C. 29985) 


V'arieties of Pisuni sativuwo — Con. 
Pelusker (P. I. 137182) 

Potter (F. C. 29986) 

Pr email 

Premium Gem (F. C. 30088) 
Prince of Wales (P. C. 300S7) 
Profusion (F. C. 30064) 

Recorclah 
Red Pea 

Rice Extra Early (F. C. 30090) 
Rice No. 13 (F. G. 30088) 

Rice No. 300 (F. G. 30089 ) 

Rogers K 
Sabljas 

Sactoii Progress (F. C. 30092) 
Sand Pea (F. C. 93979) 

Sato (F. C. 30091) 

Scarlet 

Scotch (F. C. 29987; P. C. 29988) 
Scotch Blue (P’. C. 29989) 

Senator (P. C. 30093) 

Shanghi (P. C. 29990) 

Smiley (P. C. 29991) 

Solo (P. I, 137183) 

Stratagem (F. C. 30094) 

Sugar Edible Podded 
Sunrise (P. C. 30095) 

Surprise (P. C. 30096) 

Sweet Field Pea 

Tall Grey Sugar (F. C. 30097)’ 

Tall Telephone (P. C. 30098) 

Telefon 

Thracian Field Pea 
Tom Thumb (P. 0. 30099) 
Torsdag II (P. I. 137184) 
Victoria (P. C. 29993) 

Vida (P. G. 29094) 

V’s No. 2 (P. C. 29995) 

Walah 

Warshauer (F. O. 29996) 

Well wood (F. 0. 29997) 

White Australian (F. C. 29998) 
White Canada {F. C. 22424; F. C. 
29999) 

Willett’s Wonder 
Windsor (P. 1. 137121) 

Wisconsin Early Sweet (P. C. 
30103) 

Wisconsin Perfection (F. C. 
30105) 

Wisconsin Perien (F. C. 30104) 
World’s Pride (F. C. 30000) 
W'yoming Wonder (F. G. 30100) 
Yellow Admiral (F. 0. 30001) 
Unnamed strains of P. sativum: 

A-15 (Iraq) 

A~16 (China) 

F. C. 30002 
F. C. 30003 
F. C. 30004 
F. C. 30005 
F. C. 30107 
F. G. 30108 
P. G. 30129 
F. C. 30130 
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Unnamed strains of P, sativum — Con. 

F. C. 30131 
P. 0. 30640 
P. C. 30641 
P. 0. 30642 
P. C. 30859 
P. C. 31499 
P. I. 19710 
P. I. 24262 
P. I. 92108 
P. I. 125672 
P. I. 125673 
P. I. 125839 
P. I. 125840 
P. I. 131883 
P. I. 131884 
P. I. 134271 
P. I. 134646 
P. I. 135920 
P. I. 137120 
P. I. 137122 
P. I. 137125 
P. I. 13S945 
Wade’s N802-2-1 

Soil Conservation Service No. 20- 

489 

20 unnamed, unnumbered lots from different sources also tested. 

Three lots of Pisian elatius Stev. (P. 1. 120622, P. 1. 120629, and P. I. 
141891) were slightly resistant in the earlj?- stages of growth. The 
same was true of a wild species of Pismri from Turkey (probably also 
P. elatvm^ F. C. 30199). Lathy rus tingitanus L. was moderately re- 
sistant, Z. sativm L. resistant, and Z. Mrsutus L. immune. 

The fact that the strains of Pimm elatius were of the slow-growing 
type ma}?- partly explain their seeming resistance early in the season. 
Some plants of this species have been used in breeding experiments, 
and their progenies were tested over a period of several years. At 
present there is little evidence to support a conclusion that hybiids 
having P. elatius genes are any more resistant to Ascocliyta p'naxlella 
and Myeosphaerelkc pinodes than others without them. In the present 
work it was necessary to obtain winter hardiness in a liybrid before it 
could be tested under field conditions. In order to breed winter hardi- 
ness into a line having P. elatiios genes it was necessary to cross it and 
then backcross it with a winter-hardy variety. Even in such a cross a 
large proportion of the progeny was lost fiom freezing. In view of 
this complicating^ factor it ma}^ be desirable to explore the possibility 
of using this species as a source of germ plasm under other conditions. 

There is real resistance in the genus Lathyrus^ but all attempts to 
cross Lathyrus spp. with the Austrian Winter pea have failed. 

DISCUSSION 

It should be emphasized that the objective of the present study was 
to find a pea that is more resistant than the Austrian Winter to As- 
coohyta finodella and Mycosphaerella pinodes. Whetlier it would 
have been practical, or for the present purpose desirable, to devise some 
method that might have made it possible to detect snialler differences 
ir resistance, if such exist, may be debatable. Certainly considerable 


Unnamed strains of Pisuni spp. : 
P. C. 30193 
P. I. 126341 
P. I. 141896 

Lots of seed witli numbers only : 
P. C. 60581 
P. C. 60583 
F. C. 60888 
F. C. 60890 
P. C. 60901 
F. C. 60904 
F. C. 60905 
P. C. 60915 
P. C. 60922 
F. C. 60962 
P. C. 61751 
P. C. 62439 
P. C. 87979 
P. C. S79S0 
P. C. 87983 
P. C. 90472 
P. C. 90474 
P. C. 90759 
P. C. 91192 
P. C. 93978 
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difference in resistance was evident early in the course of the experi- 
ments ; some plants were killed before others, such as the Austrian 
Winter and some of the new lines developed by breeding, had suffered 
any appreciable damage. These seemingly more resistant types, how- 
ever, gradually succumbed as the season advanced, so that for the pur- 
pose of the present study there seemed to be little point in attempting 
to record these early differences. 

It is true that the methods used put the plants to a very severe test, 
because the time over which the plants were exposed to the action 
of the fungi was very long, namely about 6 or 7 months as compared 
with about 2^^ months required for many of the summer-grown gar- 
den and canning peas to complete their life cycle. The types of pea 
that remained dormant or grew more slowly during the winter months 
suffered little from disease during that period, whereas those that 
grew more or less all winter were correspondingly more severely in- 
jured by the f iingi early in the season. 

In general the writer’s results agree with those of other workers. 
Seal ^ stated that he and Albrecht made a systematic search for species, 
subspecies, and varieties of Pisum and tested them for resistance to 
MycosphaereMa pinodes. So far as they could determine there was no 
marked difference in resistance to the fungi tested. After spending 
several years trying to develop a winter-hardy pea resistant to 
Ascochyta pmodeXla and M. pinodes^ Ogden concluded that he had 
found no strain resistant to these fungi. Noll ® found that field peas 
{P. arvense) are more resistant to A. pinodella than are garden peas 
(P, sativum). Hare and Walker® tested 100 strains and varieties of 
P, satiinmi and concluded that no indication of practical tolerance to 
the ascochyta blight was found. Jones tested the resistance of a 
large number of varieties of garden peas to A, pinodella,^ A. pisi,, and 
M, pinodes. He found no varieties immune from any of these fungi 
but listed the Admiral 17.78, Advancer, Badger Special, Badger 20.140, 
Champion of England, Horsford, and Perfection as only slightly sus- 
ceptible to M. pinodes and A. pisL The Horsford Market Garden was 
the most resistant to all three of these fungi. 

Ascochyta pisi, as well as A. pinodella and Mycosphaerella pinodes^ 
procluces ascochyta blight of Pisnm spp. Since the Austrian Winter 
variety appears "to be highly resistant to A, pisi^ however, this fungus 
was not used in the present studies. Although it did produce a few 
lesions on the leaves of susceptible varieties as a result of natural in- 
fection, these lesions were never numerous enough to interfere with 


® Seal, J. L. the mycosphaeeella disease of winter peas, and diseases of 
WINTER PEAS AND VETCHES CAUSED BY ASCOCHYTA SPECIES. Ala. Agl*. Expt. Sta. 
Ann. Rpt (1937) 48: 24-25. [1938.] 

" Ogden, H. P. winter pea breeding. Tenn. Agr. Expt. Sta. Ann. Rpt. (1935) 
48: 11-12. [1936,1 

® Noll, W. uber weitere befallsymptome und massnahmen zur verhutung 
VON SCHADEN DURCH ascochyta pinodella JONES, A. PISI LIB. UND MYCOSPHAERELLA 
PINODES (BERK. u. BLox.) STONE BEi ERBSEN. Ztsclii*. f. Pflanzenkrank. 50: 
[491-71, illus. 1940. 

^ Hare, W. W., and Walker, J. C. ascochyta diseases of canning pea. Wis. 
Ag-r. Expt. Sta. Res. Bill. 150, 31 pp., illus. 1944. 

Jones, L. K. studies of the natl-re and control of blight, leaf and pod 

SPOT, AND FOOTROT OF PEAS CAUSED BY SPECIES OF ASCOCHYTA. N. Y. State Agr. 
Expt. Sta. Bill. 547, 46 pp., illus. 1927. 
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note taking. Not all of the varieties listed as resistant to ascocliyta 
blight by some writers were tested in the present investigations. ^ It 
seems probable that such varieties as were tested failed to show resist- 
ance because of the severity of the method used and the long period 
over which the plants were exposed to the ravages of the disease. 

SUMMAKY 

The results of 10 years of testing various varieties and strains of field 
and garden peas {Pisum sativmrh) have failed to disclose the existence 
of a pea that possesses any apjDreciably greater degree of resistance to 
Ascocliyta f inodella or MycosiiliaereTla phiodes than does the Austrian 
Winter under the conditions of the experiments. Over 160 named 
varieties and many numbered and unnamed lots, some from several 
different sources, were studied. Pisum elatius and a wild pea from 
Turkey (probably P. elatius or a close relative) appeared to possess 
some resistance under the conditions of the experiments. Whether this 
was due to a transmissible character seems doubtful, since progeny 
from crosses in which these peas were used as a parent failed to show 
much if any increased i^esistance. 

The strain of Lathyrus Mrsutus used proved to be immune from the 
fungi studied, that of Z. sa.twus was resistant, and that of Z. tingUanm 
was moderately resistant. All attempts to cross these species of 
Lathyrus with the Austrian Winter pea failed. 
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POLLEN DEGENEEATION IN MALE-STEEILE RUGAE 
BEETS, WITH SPECIAL EEFEEENCE TO THE TAP- 
ETAL PLASxMODIUM ’ 


By Ernst Artschwager 

Senior plant anatomist. Division of Supar Plant InveMigations, Bureau of Plant 
Industry, Soils, and Agrieulfural Enylneerhif/, Research Afimin- 

ist ration, United States Department of Agrieultwre 


INTRODUCTION 

Wlien xnale-sterility in sugar beets (Beta imlgaris L. ) (.i)- is cyto- 
piasmically inherited, completely male-sterile plants bear white, empty 
anthers. N’ormal pollen mother cells and normal microspores are pro- 
duced, but the jnicrospores fail to develop fully and disintegrate by 
the time the flowers open. 

In the semi-male-sterile types, small, non viable pollen grains are 
formed but the anthers usually do not dehisce. Sometimes viable 
pollen is produced by some branches of the inflorescence, and occasion- 
ally white anthers and yelloiv oxies are borne wdtliin tlie same floAver (.f). 

Pollen abortion, especiall}’ in hybrids of plants with diffei'ent 
chromosome ]iuinl)ers, iisnally is the result of abnormal iiieiotic 
divisions; in sugar beets, however, the wu'iter observed a different type 
of pollen degeneration in wdiich the anther tapetum, tlirongh the devel- 
opment of a plasmodium, plays an important role. 

Tapetal plasmodia and less prominent forms of the same phenome- 
non are not uncommoii and may be regarded as normal in those plants 
in which they have been described (6'), but as a pathological condition 
they seem to'liave been mentioned but once in literature {7), In sugar 
beets the tapetal plasmodium dominates the pathological picture from 
its inception to the destruction of the microspores. 

MATERIALS AND METHODS 

Terminal branches of sugar-beet inflorescences, fixed in Garnoy's 
fluid, w'ere sent to the writer by F. V. Owen, of the United States 
Department of Agriculture Sugar Plant Laboratory, Salt Lake City, 
Utah. The material was takeihfroiri beets exhibiting cytoplasinically 
inherited male-sterility. For comparison, male-sterility not cyto- 
plasmically inherited was also studied. The completely male-sterile 
and semi-male-sterile forms were derived by Owen ‘‘kiirectly or in- 
direct!}' from the sugar-beet variety U. S. 1 ^ . . . , wdiich wtis the first 
of the curly-top-resistant sugar-beet varieties released by the United 
States Department of Agriculture” (4, p, 4^S), 


’ Received for publication February 13, 1047. 

“Italic imnibers in parentheses refer to Literature Cited, p. 197. 
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The usual methods of dehydrating and embedding in paraffin were 
employed. The sections were cut 5(1 to lOg thick and stained with 
Heidenhain’s iron-alum haematoxylin and chromotrope. 

All photomicrographs were taken on Wratten M plates with B 58 
and E 22 filters used singly and in combination. 

THE ANTHER TAPETUM DURING NORMAL MICROSPOROGEXESIS 

Since microsporogenesis in noiinal sugar-beet flowers has been de- 
scribed in detail elsewhere (i), the discussion here will be limited to 
the behavior of the tapetum, which plays a major role in pollen abortion 
of male-sterile sugar beets. 

A cross section through a young anther lobe (pL 1, A ) shows a 
central strand of daTk-staining primar}^ sporogenous tissue sur- 
rounded by a series of parietal wall layers. The first periclinal division 
in the primary parietal cells gives rise to two layers (pL 1, A), which 
divide once more in a periclinal fashion. Tlie parietal tissue is com- 
posed of a tapetal layer, two or more middle layers, and the endo- 
thecium, lying just beneath the epidermis. Tlie cells of the endothe- 
cium enlarge late in ontogeny and develop the characteristic fibrous 
thickenings (pi. 1, F), wliicli are related to the dehiscence of the 
anther. 

Although there is much controversy in litei*atiire concerning tlie 
origin of the tapetum, in sugar beets it appears to be derived from tlie 
inner parietal wall layer since the primai’y sporogenous tissue (pL 1, 
A) is alread}" well differentiated before the second periclinal division 
in the cells of the parietal tissue takes place. The cells of the young 
tapetum are nearly isodiametric ( pL 1, B ) . The single nucleus is large 
and almost fills the cell lumen. Beginning witli synizesis, tlie tapetal 
cells enlarge radially? and become binucleate (pi. 1, C) . Each nucleus 
contains one large nucleolus and parietal or diffiise chromatin gran- 
ules. Some of the tapetal cells may contain compound nuclei (pL 1, 

D). The cytoplasm is very dense and stains more intensely than 
that of the pollen motlier cells. 

The nuclei and cytoplasm of the tapetum indicate strongly a meta- 
bolic relation between tapetum and developing microspores. This 
active phase is maintained throughout the two meiotic divisions and 
the liberation of the microspores from the tetrads. With the progres- 
sive enlargement of the anthers and tlie growth of the pollen grains, 
the tapetal cells become tangentially elongated, the nuclei undergo 
chromatolysis, and the nuclear substance mingles with the degener- 
ating cytoplasm (pL 1, E) . In anthers ready to dehisce the tapetum 
has completely disapi^eared or may be seen as a pale narrow band 
lining the anther cavity (pi. 1, F), Eemains of small, shrunken 
nuclei may also be discerned. 

POLLEN ABORTION IN COMPLETELY MALE-STERILE SUGAR BEETS 

CYTOPLASMICALLY INHERITED TYPE ASSOCIATED WITH A TAPETAL 

PLASMODIUM 

In many of the lower plants and a number of angiosperms tlie walls 
of the tapetal cells break down and allow the protoplasts to coalesce 
and form a tapetal plasmodiimi (5). This flows in among the im- 
mature spores and contributes to the development of their coats. 



Noriiial inicrosporogenesis in sugar beet : A, Young antlier lol)e with central pri- 
mary sporogenous tissue and wall layers ; B, older anther showing differentia- 
tion of tapetiim ; C, binucleate tapetnm during synizesis of pollen mother cells ; 
D, binucleate tapetum during formation of tetrads ; E, degenerating tapetum 
and pollen grains with thickened exine; F, completely degenerated tapetum, 
endothecium with wall thickenings, and mature pollen. X 850. an to, Anther 
wall; end endothecium; p tn c, pollen mother cell; p tc, pollen tetrads; sp t, 
sporogenous tissue ; tap, tapetum. 
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In the monocots investigated by Clansen (2) there are distinct types 
of plasmodial formations sufficiently different to have taxonomic ini- 
portance. In many forms the tapetal cells, after the vralls se])aratiii«’ 
them have been dissolved, make pseiidopodiumlike incursions into the 
anther cavity ; a common plasmodiiim that siirroiinds the polhm grains 
is finally formed. Embedded in the plasmodium are the nuclei of the 
tapetiim. When the pollen grains have developed the exine, tiie [ilas- 
ma of the plasmodium diminishes and the miclei begin to d(‘generate; 
the chromatin threads break up and become pale; and finally only 
pollen grains remain. 

A case of plasmodium formation in connection with pollen degenera- 
tion in Rarmnculus aeris L. has been described by Whyte (7, p. 187). 
In the herniaphrodite normal plant there is a considerable interval in 
the I'eduction processes in anthers and ovules in a given flower. Where 
the reduction divisions occur almost simultaneously, the tapetum in 
the anthers fails to function and cessation of pollen formation results. 
As a direct consequence, the cells of the tapetum ‘A . . liitherto nor- 
ma] . . . break apart leaving tlieir usual situation along tlie wall of 
the pollen sac ; coalescence of several cells may then take place forming 
large plasmodial masses . . . the whole occupying in many instances 
the greater part of the pollen sac.” Here then is an instance where a 
normally useful plasmodium causes irreparable injury to tlie pollen. 

Tlie cytology of meiosis in male-sterile sugar beets agrees in every 
detail wdtli tliat in noianal sugar beets. Tlie young microspores may 
still be associated in the tetrads when the cells of the tapetum begin to 
behave in an abnormal manner. The boundaries of tlie tapetal cells 
bi*eak down, and the contents flo^v together to form a periphismodiurn 
(pi. 2, .4). 

From its early development to its degeneration the cytoplasm of the 
plasmodium is very dense and contains conspicuous vacuoles. The 
nuclei are large (pi. 2, B) and often are bunched in great numbers 
q:)L 3, A), suggesting an increase over the iiumber present in the 
original cellular tapetum. The nuclei are round, narrow oval, or some- 
times lobed. Most of them contain one large nucleolus and peripheral 
chiomatin granules of various sizes. Some miclei appear definitely 
compound, containing two or three large nucleoli. 

Most of the young microspores appear normal. Each microspore 
has a huge nucleus embedded in dense cytoplasm which, perhaps as 
a i-esult of fixation, is slightly shrunken away from the spore wall (pi. 
2, . Tliere is a single large nucleolus. In some of the dark-staining 

microspores there may also be seen large chromatin granules resem- 
bling typical chromocenters. Some of the microspores have become 
pycnotic and stain black. In a few of these a dark-staining iiucleus 
containing large chromatin granules is discernible under intense 
illumination. The spore wall is very thin, and it fails to thicken even 
late in ontogeny. Some microspores are represented by spore mem- 
branes only, all cell contents having disappeared. 

The plasmodial jacket increases in wddth unequally. Here and 
there it bulges prominently into the anther cavity (pL 2, B) . These 
broad pseiidopodiumlike incursions never become detached from the 
main jacket and never surround the microspores as they do in plants 
in which the appearance of a plasmodium is considered a part of 
normal microgenesis. 
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With the growth of the plasmodium the microspores are crowded 
into the narrowing lumen of the anther (pi. 3, d.). So far there has 
been no noticeable structural change within the microspores except 
that additional ones have become pycnotic. There is no increase in 
thickness of the spore membrane. 

xVfter the plasmodium has attained maximum development, it be- 
gins to degenerate. The cyto]3lasm is first affected. It becomes 
coarsely alveolar (pi. 3, B) and then stringy (pi. 4, B ) . In its alveolar 
state it stains rather light: but later it retains the stain more tena- 
ciously (pi. 4, ^1), and the cytoplasmic strands .finally stain black (pi. 
4, B)'^ The large nuclei of the plasmodium are at first little affected 
(pi. 3, i?), blit with increased destruction of the cytoplasm they also 
exliibit signs of degeneratioiL At the beginning there is an increase 
in the number of peripheral chromatin granules in the nucleus and a 
deeper staining reaction (pi. 4, A), but they retain a certain degree 
of organization even after the complete disorganization of the cyto- 
plasm. 

According to Kostoff' {S), evidentlv only tlie cytoplasm possesses 
the ability of self -regulation, being able to extract foreign substances 
and those not of immediate use and to deposit them in vacuoles. The 
nucleus is always more suscex)tible to foreign agents, and it is killed 
by poison before the cytoplasm is irreparably injured. When the plas- 
modium in male-sterile sugar beets is in its ascendancy, the large 
vacuoles, which are a notable feature of the organization of the plas- 
modium (pi. 2, ^), may be places of storage for excess waste products 
lesulting from unusual metabolic activities. These waste products 
may be released with the advent of plasmodial degeneration and may 
hasten the destructive processes whicli begin after the peak of plas- 
modial development has been reached. According to Kostoft*, one 
would expect an early destruction of the nuclei, but the cytoplasm de- 
teriorates before there are recognizable ])athological clianges in most 
of the nuclei, Nevertheless it seems that with the disappearance of 
the protecting vacuoles the cytoplasm would become more susceptible 
than the nuclei. 

The microspores continue to show little damage even though tliey 
become increasingly compressed and in their entirety take on a honey- 
comb structure (pi. 5). With the complete disintegration of the 
plasmodium the microspores are finally destroyed. The anther cavity 
becomes empty except for a strand of blackened matter, wliieli oc- 
casionally still shows evidence of cellular structure. 

CYTOPLASMICALLY INHERITED TYPE ASSOCIATED WITH A CELLULAR 

TAPETUM 

Pollen abortion not associated with a tapetal plasmodium frequently 
occurs; but while the flowers of a cluster may exhibit both ty|)es of 
degeneration, within a given flower only one type prevails. 

In cases not involving a j)lasmodium, the tapetum remains cellular. 
It forms either a narrow lining (pL 5, A, B) in which the individual 
cells may be stretched tangentially (pi. 5, B) or a very broad jacket 
witli the cells meeting almost in the center. The former type is more 
common. Under low magnification the anther cavity appears large, 
round, and partly filled with microspores in various stages of degenera- 
tion (pL 5, O), The tapetal cells are completely filled with fine gran- 





Comparative stages of plasmodial development in anthers of cytoplasm ically 
inherited male-sterile sugar beets. A, Periplasmodiiim at peak of develop- 
ment ; note that some of the inicrospores are normal, wliile others are de- 
generate. X 450. B, Degeneration of plasinodium more advanced in the left 
anther lobe tlian in the right one. X 385. mic, Microspores; peri, perlplas- 
modinm. 
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Pollen Degeneration in Male-Sterile Sugar Beets 



Types of eeilnlar tapetum and pollen degeneration in anthers of cytoplasmically 
inherited male-sterile sugar beets. A, Microspores already degenerated in 
tetrads. B, Most of the mierospores degenerated and the tapetal nuclei flat- 
tened tangentially. X 850. C, Only relatively few microspores present, more 
than half having degenerated while still in tetrads. X 700. tap, Tapetum. 
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Pollen degeneration in noncytoplusmically inheriiod uiale-steidle sugar beets: 
it, Anther with cellular tapetum and fully developed endothetMuin ; i>\ Aiither 
with tapetum and pollen completely degenerated. X MoO, vnd. Endotheeiiim ; 
mic, iiiicrospores ; tap, tapetum. 
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iilar cytoplasm, in which the nuclei are barely discernible. Vacuoles, 
■which are a prominent feature of the plasmodium, are wanting. The 
nuclei are small or medium large and usually compressed tangentially 
(pi. 5 , B). The tapetal cells at the ends of the anther are shorter, and 
the nuclei are larger and almost spherical. Most nuclei have a very 
■ large nucleolus and a varying number of chromatin granules; some 
have several nucleoli and are definitely compound (pl. 5, A). 

Some of the young microspores appear normal and look like those 
developing in association with the periplasinodium, but the majority 
have become pycnotic and stain black (pL 5, Z?, 0). 

Degeneration of tlie microspores begins rather early, sometimes be- 
fore they are liberated from the tetracls (pi. 5 , A). Tlie affected mi- 
crospores, including those still in tetrads, are completely black, but 
under intense illumination a nucleus is still discernible in some of 
them. The outer margin of the blackened microspore is finely serrate 
or prickly and slightly retracted from the thin, hyaline spore Wall. 

Progressive degeneration of nuclei and cytoplasm in the tapetal cells 
is like that observed in normal microgenesis, so that it is difficult to 
ascribe to the tapetum any harmful influence on the developing micro- 
spores. But whatever the cause is, the effect is swift and lethal and 
there are seldom intermediate stages. Death often overtakes the spores 
while they are still in the tetrads, and those that are affected later show 
little or no growth. The cells of the endothecium remain small and 
fail to develop the cliaracteristic wall thickenings. 

NONCYTOPLASMICALLY INHERITED TYPE OF MALE-STERILITY 

Anthers from male-sterile plants of the noncytoplasmically inher- 
ited type develop the endothecium normally (pi. 6), probably because 
degeneration of the microspores is initiated later in ontogeny and pro- 
ceeds more slowly so that the anther wall has had no time to mature. 
The tapetum of such anthers always remains cellular, but the cells 
composing it enlarge greatly (pi. *fl, A). The microspores enlarge 
slightly and even develop a thin exine. Cytoplasm and nuclei stain 
weakly and show signs of degeneration. In some microspores the con- 
tents are blackened and contracted into a spherical mass. At a later 
stage the anthers collapse; the anther cavity appears empty except 
for a dark strand of disintegrating microspores (pi. 6, B), 

POLLEN DEGENERATION IN SEMI-MALE-STERILE SUGAR BEETS 

According to Owen (4), the semi-male-sterile types apparently 
carry the same type of cytoplasm as that carried by completely male- 
sterile sugar beets, but their appearance is modified by one or more 
Mendelian factors. Environmental conditions have a marked in- 
fluence on the expression of the semi-male-sterile condition, and classi- 
fication for degree of semi-male-sterility may be subject to consider- 
able variation. 

characteristic feature of pollen sterility in semi-male-sterile sugar 
beets is the lack of uniformity in the pathological picture even within 
a single flower (pi. 7, A ) . Some anthers are affected so completely that 
even the anther wall is destroyed, whereas others of the same flower 
are almost normal. In some anthers the tapetal cells have enlarged 
radially so greatly as to occlude the anther cavity. These cells 
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(pL 7, B) liaye in the cytoplasm large, round nuclei and vacuoles like 
those of the periplasmodium. This type of tapetum is sometimes uni- 
lateral, prominent on one side and completely lacking or iinderdeyel- 
oped on tiie other. The microspores within such antliers show various 
stages of degeneration from a nearly normal condition to advanced 

pyciiosis. 1 . n 

The anthers of many flowers appear normal except that the pollen 
grains, though uniform, are relatively small. Pollen grains in others 
approach normal size, but many of them are diseased (pL 7, 6"). 

Plasmodia apparently are not formed in anthers of semi-male- 
sterile sugar beets, but the large nuclei and cytoplasmic vaciioles in the 
radially elongated tapetal cells closely resemble those of the plas- 
modium. 

DISCUSSION 

What are tlie causative factors in the development of the peri- 
plasmodium and why is it restricted to sugar beets that exhibit cyto- 
plasmically inherited male-sterility? The cytology of the youno* 
phasmodimn suggests hypermetabolic activity, but not to the benefit 
of the developinghnicrospores. The plasmodiiim seems to develop with 
structural continuity even though it makes pseudopodiumlilve incur- 
sions into the anther cavity. What causes the precipitous catabolnm 
after a developmental peak is attained is a moot question. It niav be 
exhaustion of food and nutrient reserves or a sudden release of meta- 
bolic waste products presumably stored in the large vacuoles. Degen- 
eration processes are more noticeable here than in normal plasmodia 
that help nourish the microspores and are themselves finally absorbed. 

Still more puzzling is the question of selectivity which incites or 
inhibits the development of the plasmodiiim in different flowers of the 
same plant or the same flower cluster. Quite likely small inner 
environmental influences suffice to establish the choice, and once the 
impetus is given it carries on under its own momentum. 

The anther plasmodiiim may prove to be a valuable tool in tlie 
elucidation of cytoplasmic inheritance in its pure form or in associa- 
tion with Mendelian factors, especially if used on genetic material 
grown in a controlled environment. 


SUMMAEY 

Pollen abortion in anthers of sugar beets ivith cytoplasmically 
inherited male-sterility is associated with either a periplasmodium or 
a cellular tapetum. Both types may occur within a flower cluster 
but not within a single flower. The presence of a plasmodium some- 
what delays pollen abortion, but where the tapetum remains cellular 
some microspores are destroyed while still in tetrads and tliere are 
seldom intermediate stages of significant duration. 

The anatomical picture of pollen degeneration in semi-male-sterile 


EXPLANATORY LEGEND FOR PLATE 7 

Pollen degeneration in cytoplasmically inlierited semi-male-sterile sugar beets. 
A, Cross section of flower ; note that both contents and anther wail of one 
anther are completely destroyed. X 90. /I, Cross section of an anther sliowing 
the circle of hypertrophied tapetal cells enclosing a few degenerated micro- 
spores in center. X 850. (7, Diseased, black-staining pollen grains and normal 
ones side by side in the same anther. X 850. end, Endothecinm ; mic, micro- 
spores; tap, tapetum. 
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sugar beets shows much variation and departs cousiderably from that 
exhibited b.y the completely male-sterile forms. The effect is at once 
severe and localized, involving at times both microspores and anther 
wall. A plasinodium never develops, although the cells of the tapetiim 
become hypertrophied and may fill the anther cavity. Such hyper- 
trophied ceils have large nuclei and vacuoles like tliose in the peri- 
plasmodiiim. 

In anthers from male-sterile sugar beets of tlie noncytoplasmically 
inherited type degeneration of the microspores seems to be delayed. 
Here the anthers, while showing only blackened contents, have a 
mature endothecium with fibrous wall thickenings well developed. 
The tapetiim remains cellular. Tlie cells composing it enlarge greatly, 
but they disintegrate at the time the microspores are destroyed. 
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GROWTH RESPONSES OF TOBACCO SEEDLINGS IN ASEP- 
TIC CULTURE TO DIFFUSATES OF SOME COMMON 
SOIL BACTERIA' 


By Robert A. Steinberg - 

Phijsiologist, Division of Tobacco, Medicinal, and Special Crops, Bureau of Plant 
Industry, Soils, and AgriGultural Pngineering, Agricultural Research Admlnistra-- 
tion, United States Department of Agriculture 


INTRODUCTION 

Tip conditions that cause the development of symptoms of frencln 
iiig in tobacco {Nicotiana tabacum L.) plants are unknown. IjOw 
nitrogen, low acidity, and excessive moisture ^ have at times been 
held to be contributing factors. Nevertheless soil from fields of 
severely frenched plants was often incapable of producing this 
morphological abnormality in the greenhouse. Abnormal plants 
transplanted to fresh soil almost always resume normal growth. The 
disorder is nontransmissible. Spencer^ and others have therefore 
suggested that a labile organic substance (toxin) sometimes present 
in soils may be the causative agent in this disease. 

Bacterial interrelations as revealed through studies with anti- 
biotics seem to indicate the possibility that similar diffusates capable 
of a direct action on plants may also accumulate in soil under certain 
conditions. Data published by the writer ® ^ afford direct evidence 
that low concentrations of an organic substance, the amino acid dl- 
isoleucine, in contact with the roots of tobacco seedlings in aseptic 
cultures may bring about morphological abnormalities resembling 
those of frenching. 

The present studies were therefore undertaken to determine whether 
any of the more common species of soil bacteria form diffusates 
capable of causing abnormal alterations in gross morphology of 
tobacco plants. The seedlings were aseptically grown in a constant 
environment. The growth medium selected was a slightly acid mineral 
agar containing a trace of Bacto-peptone. With or without sucrose 

1 Received for publication January 16, 1947. 

2 The writer wishes to express his appreciation for the courtesy shown him by 
N. R. Smith, Division of Soils, Fertilizers, and Irrigation, Bureau of Plant In 
dustry, Soils, and Agricultural Engineering, who selected and furnished cultures 
of all the bacteria used. 

3 Valleaij, W. D., and Johnson, E. M. tobacco PRENCHiNG-yA nitrogen 
deficiency disease. Ky. Agr. Expt. Sta. Bui. 281, pp. 175-253, illus. 1927. 

^ Karraker, P. E., and Bortner, C. E. studies of frenching of tobacco. 
Ky. Agr. Expt. Sta. Bui. 349, pp. 61-109, illus. 1934. 

Spencer, E. L. studies on frenching of tobacco. Phytopathology 25: 
1067-1084, illus. 1935. 

6 Steinberg, R. A, a 'Drenching’' response of tobacco seedlings to 
isoleucine. Science 103: 329-330. 1946. 

^ Steinberg, R. A. growth responses to organic compounds by tobacco 
SEEDLINGS IN ASEPTIC CULTURE. Jour. Agr. Res. 75: 81-92, illus. 1947. 
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tliis mediiiiii was very favorable for growth of tobacco seedlings, but 
unfavorable for the development of the bacteria studied. 

EXPERIMENTAL PROCEDURES 

Seedlings of Xanthi Turkish tobacco were grown aseptically on 
50 cc. of a mineral agar of pH 5.5 containing 200 p. p. m. of Bacto- 
peptone in 200-cc. Erlenmeyer flasks at 25° C. in continuous light. 
Illumination of about 500 foot-candles was furnished by 3,500° white 
fluorescent lamps. Other details of the procedure have been given 
in a previous publication.^ 

Bacterial inoculation of aseptic cultures was made with a straight, 
sharpened needle, the stab being located % to inches from the 
stem of the seedling. The age of the seedlings at the time of inocu- 
lation varied, the range being about 3 to 7 days. 

GROWTH RESPONSES TO VARIOUS BACTERIAL SPECIES 

The abnormalities in form of Xanthi Turkish tobacco seedlings 
grown in flasks inoculated with 27 species of bacteria are tabulated in 
table 1. Inoculations were made 1 inch from stems of seedlings in 
aseptic culture 1 week after the plant was inserted. Plants were 
harvested 3 weeks later. Of the 30 bacterial cultures 19 form nitrite 
from nitrate; 2 of the organisms, Erwinia carotovora and Phytomonas 
tumejaciens, are plant pathogens. Two strains each of Agrohacterium 
radiohacter, Escherichia coli, and Pseudmnonas fluorescens are also 
included. 

Abnormalities in growth of tobacco seedlings were caused by 10 of 
the 25 nonpathogenic species of bacteria in the absence of sucrose. 
Erwinia carotovora also brought about abnormalities in gross 
morphology. Symptoms with various species differed as a rule, but 
not always. Those with Bacillus cereus and Erwinia carotovora 
appeared identical. On the other hand, one strain of Agrohacterium 
radiobacter produced symptoms of inj ury in tobacco but the other did not. 
Symptoms included narrow, strap, cupped, rim-bound, and rim- 
rolled leaves and chlorosis and epinasty. Cupped and rim-bound 
leaves might be concave up or down. (5hlorosis varied from general 
to reticular and gave some indication of association with the capacity 
for nitrite formation from nitrate by bacteria. Chlorosis did not 
occur as frequently with bacteria incapable of forming nitrite. The 
addition of 2 percent of sucrose to the medium led to a loss in “hor- 
monoid^^ ® action in 7 species of bacteria and a gain in 3 species. In 
no instance did the seedlings show any indication of root injury, nor 
were the bacterial colonies in actual contact with the roots. 

®See footnote 7, p. 199. 

® A hormone is defined as an organic compound formed by an organism that 
serves to regulate its cellular interrelations. The chemical compounds in the 
diffusates from these bacteria may or may not be identical in composition with 
those having a similar action in the tobacco plant. Pending proof of identity, 
the use of the term “hormonoid’^ (hormonelike) is suggested. The synthetic 
growth-regulating substances would fall into this category. 
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l.tBLE 1. Symptoms of injury shown by iKanthi Turkish tobacco seedlings grown 

in aseptic cultures inoculated with 25 nonpathogenic soil bacteria and 2 pfiyto- 
pathogemc bacteria 


[Seedlings grown for 3 to 7 days in aseptic cultures before they were inoculated; discarded when about 

4 weeks old] 


Cul- 

ture 

Organism 

Nitrite 

Symptoras produced when— 

No. 

Name 

Strain 
No. 1 

pro- 
duced 2 

Sucrose absent 

Sucrose present 

1 

Aerohacter aerogenes (Kruse) 

104-48 


Reticular chlorosis. 

Reticularchlorosis. 


Beijer. 




2 

Aerohacter cloacae (Jordan) 
Bergey et al. 

108-98 

+ 

W hite leaves; d warfed plants . 


3 

.4 grobacteriurn radiobacter 

96-433 1 

0 




(Beijer. and Van Delden) 
Bergey et al. 





4 

do. 

98-189 

+ 

Leaf-tip chlorosis; dwarfed 







plants. 

5 

Bacillus breves Mig 

751 

+ 


(> 

Bac Uus cereus Frankland and 

342 1 

+ 

Reticulated (chlorosis) 



Frankland, 


and scalloped strap 
leaves. 



7 

Bacilbis circulans Jordan 

358 

+ 


S 

Bacillus megatherium D By... 

343 1 

0 



9 

Bacillus pimilus Qottheil 

272 

0 

Dark, narrow, down-cup- 






ped leaves with uprolled 


10 

Bacillus Sphaerkus Neide 

348 1 

0 


, i 

11 

Bacillus subtilis Cohn emend. 

231 

+ 


Light-green, dwarfed |! 

plant. , ^ 


Prazmowski. 




12 

Bacterium denurificans Leh- 

100-121 

-t- 



mann and Neumann. 



1' 

13 

Bacterium globiform Conn 

168-110 

'? 


i 

14 

Chromobacterium violaceum 

114-103 

A 


Very faint mottle. 


(Schroet.) Bergonzini. 




15 

Corynebacterium simplex Jens. 

140-47 

•> 

Leaf epinasty, rirn uproll; 

Leaf epinasty; 





terminal bud killed . 

down- cupped 
leaves. 

16 

Corynebactervum tumescens 

141-45 

? 

Dark, narrow, down-cup- 



Jens. 



ped leaves with uprolled 




i 


rims. 


17 

Erwinia carotovora (L. R. 

171-120 

+ 

Reticulated (chlorosis) and 



Jones) Holland. 



scalloped strap leaves. 


18 

Escherichia coli (Mig.) Cas- 

102-80 

+ 

White leaves and bud; 



tellani and Chalmers.” 


dwarfed plant. 


19 

do 

107-201 

+ 

+ 

Reticular chlorosis 


20 

Micrococcus luteus (Schroet.) 

[ Cohn. 

101-244 





21 

Phytomonas tumefackns (E. 
F. Sm. and Town.) Bergej'' 

172-102 

•> 




et al. 





22 

Proteus vulgaris Hauser 

1354-44 

-f 



23 

Pseudomonas aeruginos a 

110-98 

+ 

White leaves and bud; 

General chlorosis. 


(Schroet.) Mig. 


dwarfed plant. 

1 

24 

Pseudomonas fluorescens Mig. 
do.. - 

74-210 

+ 



25 

112-277 

+ 


White leaves and 



bud; dwarfed 
plant-. 




26 

27 

Pseudomonas ovalis Chester.. 

77-180 

0 



Pseudomonas schuylJdlliensis 
Chester. 

75-180 

0 





28 

29 

Stgrrma ft ana, D By 

68-178 

0 



Serratia lactorubefaciens (Gru- 

139-60 

+ 







ber) Bergey et al. 





30 

Serratia marcescens Bizio 

175-265 

+ 

Reticular chlorosis 

Mottled. 


5 Number of N. R. Smith, Division of Soils, Fertilizers, and Irrigations. 
2 Data furnished by N. R. Smith. 
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Tlie types of niorpliological abnormalities resulting from diffusates 
from bacterial colonies are illustrated in figures 1 to 4. A frencbing- 
like reticular clilorosis due to the presence of Serratia niarcescens is 
shown in figure 1, A; epinasty associated with Corynehacterium simplex 
in figure 1, B; clilorosis associated with Aerohacter aerogenes aiicl re- 
sembling that caused by iron deficiency in figure 1, G. The seedlings 
inoculated with Aerohacter aerogenes (fig. 2, A), Corynehacterium sim- 
plex (fig. 2, B), and Pseudomonas aerugmosa (fig. 2, C) illustrate symp- 
toms obtained in the presence of sucrose, namely, yellow bud, epinasty, 
and a uniform, minus-sulfur type of chlorosis. 

Figure 3 shows cultures inoculated with Corynehacterium. tumsscens 
(A)j Erwmia carotovora (B), and Bacillus eereus (C), respectively. 
The first (A) shows epinasty and long, narrow leaves, \yhereas the 
symptoms with E. carotovora and B, eereus are almost identical in 
appearance. The last two show a well-defined, reticular chlorosis and 
narrow strap leaves with lobed or scalloped edges. The appearance 
of reticular chlorosis preceded that of strap leaves. 

Cultures inoculated with Bacillus pumilus^ (No. 272) are shown in 
figure 4. No sucrose was added to the flask illustrated in .^4, but that 
in B contained 2 percent of sucrose. Inoculation took place after 3 
days^ growth of the seedlings and at the very margins of the agar. 
Epinasty, marginal leaf roll, narrow leaf, and cupped leaf are visible. 

GROWTH RESPONSES TO VARIOUS STRAINS OF 
BACILLUS PUMILUS 

Further tests were made with 29 strains of Bacillus pumilus to 
determine the range of symptoms to be expected in a single species. 
The symptoms obtained in these tests, which were made in the absence 
of sucrose, are listed in table 2. Eighteen of the strains led to no 


Table 2. — Variations in symptoms of abnormality in Xanthi Turkish tobacco 
with different strains of Bacillus pumilus after 28 days’ growth ^ 


Culture 

No. 

; Strain 
No. 

Symptoms of injury 

1 

A21 


2 

A32 


3 

A35 

Epinasty; eoncave-up leaves with marginal uproll; short stem. 

4 

A170 

Epinasty; narrow leaves with marginal uproll; tall stern. 

5 

A 654 

Dark, narrow, hooked leaves with marginal uproll and concave-down leaves. 

6 

A704 

7 

236 

Narrow, concave-down leaves with marginal uproll. 

S 

266 

Narrow leaves with marginal uproll; tall stem. 

9 

307 

Epinasty; concave-down leaves with marginal uproll. 

10 

331 

Narrow leaves with marginal uproll; tall stems. 

11 

12 

13 

333 

334 
345 

Epinasty; concave down leaves; short stem. 

Reticular chlorosis. 

14 

355 


15 

576 


16 

577 


17 

620 


18 

629 


19 

630 


20 

637 

Leaves with marginal uproll. 

21 

657 

22 

706 


23 

707 


24 

724 


25 

725 


26 

734 

Retarded growth. 

27 

735 

28 

788 


29 

1034 



^ riasks inoculated on extreme periphery when seedlings were 3 days old. 
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FKjrRK 1. — Soodlings of Xaiithi Turkish tobacco in aseptic culture after inocula- 
tion of agar 1 inch from sterns with nonpathogenic soil bacteria: ..4, Serratia 
marcescens; Coryrieha^ieriw^ simplex; C, Aei^obacter aerogenes. Note the 
reticular chlorosis in .4, the epinasty of leaves and deatli of terminal bud in B, 
and the chlorosis resembling that caused by iron deficiency in C. 


Fioure 2. — Seedlings of Xanthi Turkish tobacco in aseptic culture with 2 percent 
of sucrose after inoculation of agar 1 inch from stems with nonpathogenic soil 
bacteria: X, Aerobacter aerogenes; Corynehacierium simplex; C, Pseudoniorias 
aeruginosa. Note yellow biid in A, cupped leaves with uprolled rims in and 
whiteness of plant in C. 
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Figure 3.— Seedlings of Xanthi Turkish tobacco in aseptic culture after inocula- 
tion of agar at margin with various bacteria: A, Coryriebactem^^^^^ tiitnescens; J5, 
Erwinia carotovora; C, Bacillus cereus. Note narrow leaves and epinasty in ^4 
and reticular chlorosis and scalloped strap leaves in B and C. 

symptoms of abnormality in the seedlings. Some seedlings in inocu- 
lated flasks appeared even more vigorous than the controls. Symp- 
toms associated with the other 11 strains ranged from simple re- 
tarded growth to epinasty, concave-up leaves with marginal uproll, 
and short stem. Intermediate abnormalities included these s^^mptoms 
in varying proportion, or certain symptoms were absent. Eeticular 
chlorosis only was associated with 1 strain and marginal uproll alone 
with another. 

DISCUSSION 

The number of nonpathogenic bacterial strains in soils is probably 
exceedingly great. A discussion of hormonoid actions brought about 
by their diffusates based on studies with less than 60 strains iiiiist 
therefore necessarily be limited in scope. The data suffice, however, 
to demonstrate in a conclusive manner that such hormonoid efl‘ects 
on tobacco can take place under appropriate conditions with bacterial 
species of general occurrence. Isolation and study of these compounds 
of bacterial activities may well prove of importance in many respects. 

It was found in miscellaneous unreported experiments that the 
extent of the alterations in form of seedlings seemed to increase with 
nearness of the point of inoculation of the agar to the stem and the 
number of inoculations. Other known factors were siz(^*;.!of seedling 
and the presence or absence of sucrose. Sometimes, however, severity 
of symptoms varied for no known reason, as in flasks inoculated with 
Serratia marcescens. Reproduction of symptoms occurred regularly 
with Corynebacterium simplex and Bacillus pumilus. The type of 
hormonoid action was not entirely specific for any one species, but 
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P^iGURE 4. — Seedlings of Xanthi Turkish tobacco in aseptic culture after inocula- 
tion of agar at margin with Bacillus piimihis (No. 272) : A, Without sucrose; B, 
with sucrose. Note epinasty and death of terminal bud in A and epinasty and 
narrow, hooked, rim-rolled leaves in B. 

appeared to vary with the strain. In one instance Erwinia carotovora 
and Bacillus cereus produced identical symptoin.s. 

Growth of the bacteria used was usually limited to the inoculation 
stab and did not appear to interfere with root growth. As a rule, 
bacterial growth was very scant and the colony was difficult to locate 
on the unfavorable medium employed. The roots in all cases appeared 
normal. In many instances morphological abnormalities appeared 
in the seedlings when no roots were in the immediate vicinity of the 
bacterial colony. 

Proof of the existence of hormonoid responses to bacterial activity 
in the soil is regarded as an important consideration in elucidation of 
the cause of frenching in tobacco plants. The basic cause of this 
profound change in morphology in field plants is unknown, although 
the alteration is no greater than that effected by soluble metabolic 
products of some of the bacteria observed in aseptic culture. It 
might therefore be surmised that frenching is due to a similar action of 
metabolites from one or more bacterial forms. Hormonoid accumula- 
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tioii in soil probably requires specific environmental conditions. As 
already mentioned a close approximation of the symptoms of 
frencliing can be obtained with tfAisoleiicine. 

SUMMARY 

Xanthi Turkish tobacco seedlings were grown aseptically on 50 
cc. of a mineral-agar solution containing 200 p. p, m. of Bacto-peptone 
in 200-cc. Eiienmeyer flasks at 25° C, with 500 foot-candles of con- 
tinuous light. Inoculations (stab) of the agar at a distance from the 
sterns of the seedlings with about 60 species and strains of presiimablj^ 
nonpathogenic soil bacteria led in several cases to alterations in gross 
morpholog}^' of the seedlings. These hormonoid effects included 
various types of chlorosis that simulated various mineral deficiencies^ 
epinasty, cupped, narrow, and strap leaves, and leaves with lobes, 
hooked tips, and rim roll. Symptoms of abnormality were correlated 
with distance and number of bacterial colonies, age of seedlings, and 
bacterial strain. An analogy is drawn between the hormonoid effects 
of the diflusates from certain common soil bacteria and those obtained 
in frenching of tobacco. 


See footnote 7, p. 199. 


USE OF LANOLIN AND OTHER UNGUENTS FOR IMPROV- 
ING BUDDING IN HEVEA RUBBERTREES ■ 


By John H. lormerly chief scientific aid, Division of Rubber Plant Investiga- 

ttons, B,nd H. J. Loomis, senior agronomist, Division of Plant Exploration and 
Introduction, Bureau of Plant Industry, Soils, and Agricultural Engineering^ 
Agricultural Research Admimstratiou, United Suites Depart nicnt of AgriculUire 

INTRODUCTION 

111 a program of top working mature trees of Para rubber {Hema 
brasiliensis (H. B. K.) Miiell. Arg.) at the United States Plant Intro- 
duction Garden, Coconut Grove, Fla., considerable difficulty was 
encountered in finding a satisfactory dressing for treating wounds 
made by the removal of large branches or of the entire heads of trees. 
Success reported for the use of lanolin - for the treatment of wounds 
of oaks led in 1945 to trials of the material on Ilevea wounds. At this 
Garden Hevea is grown on the deeper areas of soil tentative^ referred 
to as part of the Rockdale series.^ 

USE OF LANOLIN MIXTURE ON TREE WOUNDS 

Direct application of lanolin to wounds on Ilevea riibbertrees in full 
sun proved unsatisfactory as the lanolin quickly melted and ran down 
the treated branches or was greatly absorbed by the wood or the 
adjacent bark. To overcome tliis difficulty beeswax was added to the 
lanolin in equal parts. This combination was stiffer than lanolin and 
had to be applied with a brush after being melted in a grafting-wax 
pot. Even this mixture had a tendency to run on very hot, sunny 
days and to crack somewhat on cool days. An improvement was 
made by coating the wound with the lanolin-beeswax mixture and 
over this applying one or two thicknesses of cheesecloth, which were 
then covered with the mixture. The cheesecloth held the mixture in 
place, prevented cracking, and prolonged the sealing effect. The 
exposed wood of wounds treated in this manner did not become dis- 
colored, as the mixture apparently excluded attacking fungi, and 
cambial growth was much more rapid than on untreated wounds or 
on those treated with ordinary paint or several of the asphalt-base 
wound paints. 


1 Received for publication November 22, 1946. 

2 LInited States ForestJService Allegheny Forest Experiment Station. 
QUICK healing of TREE WOUNDS. Allegheny Forest Expt. Sta. Ann. Rpt. 1943, 
pp. [24U[25], illiis. 1943. [Processed.] [Review in Horticulture 22: 293. 1944.] 

^ Henderson, J. R. the soils of Florida. Fla. Agr. Expt. Sta. Bill. 334, 67 
pp. , ill us, 1939. On p. 54 of this bulletin the Rockdale series is described as 
“oolitic limestone with numerous small surface cavities filled with red or reddish- 
brown sandy loams and silt loams or gray to grayish-brown sands to loamy sands.” 
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[GUBE !.■ — Aj Untreated budding of Hevea rubbertree, S days after being un- 
wrapped. Note that the exposed cambium surrounding the bud patch is dead 
and the wood weathered and discolored; although the bud patch is in good 
condition, it was dead when examined 12 days later. B, Bud patch and panel, 
8 days after being unwrapped and treated with 3 : 1 lanolin-beeswax mixture. 
Note that the bud patch is in good condition and that the surrounding cambium 
on the panel has survived. X about 1. 
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the American Tropics lias shown that such losses may be as high as 
75 percent. 

As a preliminaiy step in determining the effect of lanolin on bud 
survival after unwrapping, several buds were top worked in large trees. 
On opening, half of the bud patches and the surrounding exposed 
cambium on the stocks were smeared with a mixture of 3 parts of 
lanolin and 1 part of| beeswax, Iwhich was soft enough at air tem- 
perature for application with a finger. The other buds in the test were 
left untreated. During almost daily examinations that followed the 
unwrapping of the buds it was observed that when the buds were 
treated there was no discoloration of the cambial tissue surrounding 
the patch, which remained green, wdiereas the exposed cambium 
surrounding untreated patches began to darken within a few hours 
and became increasingly darker for several days. In some cases this 
tissue became spotted with mold. These conditions also prevailed in 
later buddings on Hevea seedlings (fig. 1). During this test it also was 
notecl that the cambium around the treated buds grew so rapidly 
that it tended to grow over the edges of the patches 4 or 5 weeks after 
opening. Had the buds been allowed to remain dormant an equal 
number of months, no doubt some of them would have been completely 
overgrown. 

USE OF LANOLIN MIXTURE ON BUDDINGS IN NURSERIES 

The test of the lanolin-beeswax mixture on top-work buddings was 
not large enough to give conclusive proof, but it did show a definite 
advantage for its use on opened buds ancl led to the setting up of a 
more extensive experiment. One hundred seedlings were budded in 
the usual manner on May 22, 1945, and were unwrapped and examined 
15 days later, on June 6, when it was found that all buddings had been 
successful and the bud patches were in excellent condition. As the 
buds were opened and examined, every other one was coated wdth a 
smear of 3 : 1 lanolin-beeswax mixture. Thus, there were 50 treated 
and 50 untreated buds. Examination of these buds on June 12 showed 
that 8 untreated buds were dead and all 50 of the treated ones were in 
excellent condition. On June 17 the treated buds were still in good 
condition, but 16 im treated ones were dead. Final examination was 
made on June 26, 20 days after opening, when 3 treated buds and a 
total of 18 untreated ones were dead. Thus, 94 percent of the treated 
buds remained alive in contrast to but 64 percent of those untreated. 

Observations during this test suggested that some improvement 
might be obtained by applying the lanolin mixture at budding time in 
the fissure formed by the bulge of the flap covering the bud after its 
insertion. Wrapping of the bud with waxed tape was expected to 
force the lanolin under the flap and afford a protective covering to 
the exposed cambium of the stock surrounding the bud. 

On June 12, 100 seedlings were budded; 50 of these were treated by 
the method just explained with the 3 : 1 lanolin-beeswax mixture and 
50 were left untreated. When unwrapped 14 days later, all buds were 
in excellent condition. Of the 50 buds treated at budding, 25 were 
smeared again with the lanolin-beeswax mixture immediately on 
opening; the remaining 25 were not treated a second time. Of the 50 
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buds not treated at budding, 25 were smeared with the mixture on 
opening and the remaining 25 were left untreated as checks. 

All treated buds, whether treated at budding, opening, or both, were 
in good condition ’when examined 8 days after unwrapping, whereas 
6 of the untreated checks w^ere dead. Final examination of these buds 
was made on July 31, 35 days after opening, wdien 5 of the buds treated 
at budding and again at opening and 5 of those treated only at bud- 
ding were dead; 9 untreated check buds were lost, as compared with 
none for buds treated only at opening. When treated at budding 
apparently there was some forcing of the lanolin-beesw^ax^ mixture 
under the bud patch by the pressure exerted by the wrapping tape. 
From observations in subsequent tests, wdiich gave the same indication, 
treatment at budding seldom equaled treatment at opening only as a 
means of reducing loss in Hevea buddings. 

USE OF VARIOUS UNGUENTS ON BUDS 

In order to observe the effects of appl3nng unguents other than the 
lanolin-beeswax mixture to the bud-patch area, seedlings were treated 
at the time of budding as follows: 10 with a 3 : 1 vaseline-beesw’-ax mix- 
ture, 10 wdth a 3 : 1 vaseline-paraffin mixture, 10 wdth ordinary 
automobile cup grease, 10 with a 3 : 1 lanolin-beeswax mixture, and 
10 left untreated as checks. These buds were unwrapped after 14 
days, when they were again treated wdth the same combinations. On 
opening, all buds wdth the exception of 1 that was treated wdth cup 
grease were found in good condition. Final examination 24 days 
after this opening showed that 7 check buds, 1 treated with the 
vaseline-beeswax mixture, 2 with the lanolin-beeswax mixture, 9 wdth 
cup grease, and 1 wdth the vaseline-paraffin mixture were dead. The 
more damaging effect of cup grease w^as attributed to its soft con sist- 
ency and the greater ease with wdiich it was forced under the bud 
patch when pressure wms applied with the budding tape. 

To determine the effect of these same materials wdien applied on 
buds at the time of opening and not at the time of budding, 85 addi- 
tional seedlings were budded. When uiiwu-apped in 14 days, all were 
found to be in good condition and all w^ere immediately treated wdth 
the same materials as used in the preceding test; there were 17 buds 
in each of 5 treatments. Final examination of the buds, 25 days 
after opening, show^ed that 7 untreated checks and 1 treated with cup 
grease were dead. All buds treated wdth lanolin-beeswuix, vaseline- 
beeswax, and vaseline-paraffin mixtures were in perfect condition. 
From this it appears that any one of many iiiexpeiisive non toxic 
materials of the proper consistency possibly "might be applied wdth 
equal success as a protective coating over the exposed cambial tissue 
upon unwuapping the bud, but wdth the limited stock material at 
the disposal of the waiters more extended tests w^ere impossible. 

USE OF LANOLIN MIXTURE ON BUDS FROM STORED BUDWOOD 

As the foregoing experiments W’ ere conducted with freshl}^ cut 
budwood, it was considerea advisable to test the treatments on buds 
taken from budwood that had been stored for various periods under 
conditions approaching those encountered during long-distance 
shipments. 
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f A quantity of budwood was cut on June 27 and divid(‘d into 2 

; equal lots. Each lot was carefully packed in slightlv damp spliaaTHim 

moss and wrapped in kraft paper. Both packages were stoinal indoors 
I at air temperature. After 5 days 1 of the packages was Ofamed ami 

from the budwood 50 seedlings were budded. ^Half of llu^st' w(a*i‘ 
I treated with 3:1 lanolin-beeswax mixture at budding, and otii(‘r 

half were left untreated as checks. When, the buds were opened 14 
* days later, all were found to be in excellent condition and the treated 

j ones were given a second application of the mixture. Twenty-four 

I days later it was found that only 3 of the treated buds had (lied in 

I contrast to 8 of the check ones. 

I The second package of budwood was opened after a 10-day storage 

period and used in budding 50 seedlings which were treated in the 
f same manner as those in the 5-day storage test. When opened after 

I 14 days, 2 of the 25 check buds were dead but all the treated ones were 

ill good condition. Twenty -four days after opening, a total of 11 of 
I the original 25 check buds and 9 of the 25 treated with the lanolin- 

beeswax mixture at budding were dead. 

At the time these two tests were begun the relation of treating at 
budding to treating only at opening had not been established, but it was 
apparent before their completion. Accordingly, another storage test 
was begun for the inclusion of both these types of treatment and the 
storage periods were increased to 10 and 20 days, respectively, as 
5-day storage had appeared to have no definite aging effect on the 
budwood. 

After the budwood had been stored 10 days, buds were inserted in 
84 seedlings and every third bud was treated with the 3:1 lanolin- 
beeswax mixtui’e. The remaining 56 buds were divided alternately 
into 2 groups of 28 buds each, 1 group being marked for treatment at 
opening and the other group for leaving untreated throughout the 
experiment as checks. Upon unwTapping, 14 days after budding, 1 
check bud, 2 buds to be treated at opening, and 1 bud treated at 
budding were dead. Immediately after the unwrapping of these buds 
the 27 living originally treated were treated again. Through an 
error 25 instead of the 26 liv^ing buds to be treated at opening were 
smeared with the lanolin-beeswax mixture. This automatically 
added 1 bud to the untreated check group. 

Of the 28 check buds alive at opening 17 (60.7 percent) were in good 
condition at the final examination, 24 days after unwrapping; of the 
; 25 buds alive at opening and treated with lanolin at that time 21 

j (84.0 percent) were in good condition; of the 27 buds treated twice 

with lanolin and alive at opening 21 (77.8 percent) survive(l. 
i From budwood that had been stored 20 days 60 seedlings were 

budded. Through an oversight an unequal division was macle of the 
seedlings between treatments, as 20 buds were treated with 3 : 1 
lanolin-beeswax mixture at budding, 18 were held for treatment at 
opening, .and 22 were maintained as untreated checks. When uii- 
wrappced 14 days later, 18 of the treated buds, 15 of those held for 
treatment at opening, and 19 of the check buds were alive. The 18 
' buds treated at budding were treated a second time at opening. 

When final examination of the buds alive at opening was made 24 
days later, it w^as found ‘ that 13 (72.2 per(3ent) of those treated at 
budding and again at opening were alive; 11 (73.3 percent) treated 
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only at opening were alive; and only 11 (57.9 percent) of the checks 
had survived. 

EFFECT OF TIME OF TOPPING STOCKS ON BUDS TREATED WITH 

LANOLIN MIXTURE 

As a final experiment in the use of lanolin as a means of reducing 
loss in Hema buddings 100 additional seedlings were budded on 
August 2. These were unwrapped after 14 days, and all were found 
to be in good condition. At opening, 50 were smeared with the 
3:1 lanolin-beeswax mixture and 50 were not treated. Stocks of 
half of each group of 50 were immediately cut off in the usual manner 
to force bud growth and the cut surface of the stock w^as painted with 
the 1:1 lanolin-beeswax wound mixture. Thus, 50 stocks into which 
25 check buds and 25 treated buds had been inserted were cut back, 
but the remaining 50 were not cut. All uncut stock plants with 
living buds were cut back 12 days after opening to force the buds. 
By this time 11 of the previously uncut checks, 7 cut checks, and 1 
cut lanolin-treated bud had died. Final examination was made 25 
days after opening, when 11 of the checks not cut back at opening, 
9 cut checks, 3 uncut lanolin-treated buds, and 1 cut lanolin-treated 
bud were dead. The results of this limited experiment indicate that 
seedlings containing living bud patches may, when unwrapped, be 
cut back immediately to force sprouting without fear of serious loss 
if the patches and surrounding cambium are treated with lanolin- 
beeswax mixture at the same time. In this and other experiments 
where a delay of 10 or more days occurred between the unwrapping 
of the bud and the cutting back of the stock, survival of bud patches 
treated with the lanolin-beeswax mixture at opening was greater 
than that of untreated buds. 

EFFECT OF LANOLIN MIXTURE ON SPROUTING OF BUDS 

An observation in connection with the immediately preceding ex- 
periment and one other involving the cutting back of stocks to force 
bud growth was the retarding effect the application of the 3 : 1 lanolin- 
beeswax mixture had on the growth of the buds. 

In the experiment of May 22 in which 50 buds were treated with 
the 3 : 1 lanolin-beeswax mixture at opening and 50 were left un- 
treated as checks, all living buds had the stocks above them cut back 
11 days after opening to force the buds. Nineteen days after the 
cutting back of the stock 37 of the 47 surviving lanolin-treated buds 
were either swelling or sprouting, but only 1 had produced a shoot 
more than 1 mm. long; 26 of the 32 check buds were either swelling 
or sprouting, and 8 of these had shoots more than 1 mm. long. Final 
examination, 34 days after the cutting back of the stocks, showed all 
lanolin-treated and all check buds to be swelling or to have shoots. 
All but 1 of the check buds had shoots with an average length of 
282.4 mm., whereas only 34 of the 47 lanolin-treated buds had pro- 
duced shoots and these liad an average length of only 91.4 mm. 

The same retarding effect was observed in the experiment begun 
on August 2 in which 50 stocks were topped as soon as the buds were 
unwrapped and the remaining 50 were cut back 12 days after un- 
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wrapping. As reported for that experiment, half of the buds in each 
group had been treated with the 3:1 lanolin-beeswax mixture at 
opening whereas the others were left untreated as checks. In the 
seedlings cut back when the buds were opened, 4 of the 18 living 
untreated check buds were sprouting 12 days later when the othen 
seedlings were topped, while only 3 of the 24 buds treated with 
lanolin mixture were sprouting. 

At the end of this experiment, 25 days after the buds were un- 
wrapped, 14 (87.5 percent) of the 16 living check buds in stocks cut 
back at opening were sprouting and 14 (58.3 percent) of the 24 living 
lanolin-treated buds in correspondingly cut-back stocks had sprouted. 
In the seedlings cut back 12 days after the buds were unwrapped 7 
(50 percent) of the 14 living check buds had sprouted, whereas only 
7 (31.8 percent) of the 22 living lanolin-treated ones had done so. 

SUMMARY 

Wounds arising from the pruning of Hevea rubbertrees kept in 
better condition and healed more rapidly when treated with 1 : 1 
lanolin-beeswax mixture than when treated with any other wound 
dressing. 

Buds from fresh budwood or from that stored for periods up to 20 
days, when set in the tops of mature trees or in the customary loca- 
tion in seedlings, survived in much greater numbers when the bud 
patch and the surrounding area of cambium on the stock were treated 
with 3 : 1 lanolin-beeswax mixture at openmg, or unwrapping, than 
did untreated buds. 

Single treatment with the 3 : 1 lanolin-beeswax mixture at time of 
budding or treatment at time of budding and again at opening 
seldom was found to be as beneficial as treating only at the time of 
unwrapping the buds. Several other unguents that gave material 
benefit wdien applied at opening of the buds were used, bub the 
softest of these caused increased mortality to buds when applied at 
time of budding. 

Applications of lanolin-beeswax mixtures to bud patches and sur- 
rounding cambium and to the cut surface of the stock may alloW' 
cutting back of the stock at the time of iinwTapping of the buds with 
negligible loss, thus eliminating the usual waiting period of 10 to 14 
days betw^een opening of the buds and cutting back of the stock 
during which under present practice the death or survival of the 
buds is determined. 

Buds treated with the 3:1 lanolin-beeswax mixture were found to 
sprout more slowly after cutting back of the stocks than did un- 
treated ones. 
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EFFECTS OF CONTROLLED SOIL MOISTURE ON GROWTH, 
COMPOSITION, YIELD, AND QUALITY OF MARYLAND 
TOBACCO ' 

By J. E. McMurtrey, Jr., principal physiologist, J. D. Bowling, associaie 
hiochemist, D. E. Brown, cMef scientific aid, anclH. B, Engle, Ji/wior physiologist, 
Division of Tobacco, Medicinal, and Special Crops, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research Admim 
United States Department of Agriculture 

INTRODUCTION 

Adequate soil and air moisture constitutes one of tlie cardinal 
recuurements for the growth of leaf tobacco wliicli must meet exacting 
commercial demands. Since the leaf of the tobacco plant {Nicotiana 
tahacwn L.) is the final product, it must possess a more or less definite 
combination of shape, size, structure, elasticity, venation, color, and 
possibly other structural details not readily visible to tiie eye, as 
well as a rather characteristic chemical composition wliich determines 
aroma, taste, and unidentified cliaracters indicative of quality. The 
fire-holding capacity of the cured leaf is strikingly modified by both 
the structural details and the chemical composition. These properties 
in turn are iiifiuenced and modified by soil moisture, which largely 
controls the growth of all parts of the plant, especially the leaf structure. 

It is generally recognized by tiie tobacco trade that leaf grown 
during a^dry ^nison is very different from that grown during a wet one. 
The adaptability of tlie two products to manufacturing purposes 
differs widely. Tlie leaf produced during a dry season is small, dark 
and dull in color, high in nicotine, and lacking in elasticity. It 
possesses more aroma associated with gums and resins, has a dense 
structure associated with a high weight per unit area, characteristically’ 
possesses low fire-holding capacity, and manifests a slow and inactive 
fermentation when bulked or packed. The cured leaf from tobacco 
produced during a season with adequate and well-distributed moisture, 
on the other hand, other conditions being equal, is thin, of an open 
structure or texture associated with a light weight per unit area, 
comparatively large, light and bright in color, elastic, low in nicotine, 
weak in aroma, and low in gums and resins and shows an active and 
rapid fermentation when bulked. 

Although to a greater or less extent soil moisture appears to be the 
dominant^ factor, atmospheric humidity, shading associated wdtb 
cloudiness, and air movements that increase the evaporating power 
of the air are all a part of the complex which controls plant growth 
and development. The organic matter and the mineral constituents 
that affect the physical condition of the soil and control the retention 

^ Received for publication December 23, 1946. Cooperative investigations by 
the Division of Tobacco, Medicinal, and Special Crops and the Maryland Agri- 
cultural Experiment Station. 
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aii(i releas (3 of moisture to the growing plant are highly important 
factors in the utilization of soil moisture by plants in the development 
of leaves. . * . , 

In the 1941 Yearbook of the United States Department ot Agriciil- 
tiire Garner (5) ^ discussed the effects of climate on the growth of 
tobacco. There are few publications dealing with the edects of 
supplemental water on the production of tobacco in humid areas. 
The work by Goff (7) was possibly the earliest account in. this country 
of the effect of irrigation on the growth of tobacco. Anderson and his 
associates {1, 2, 3) reported the effects of irrigation on the yield and 
quality of cigar tobacco at the Tobacco and Vegetable vSiibstation at 
Vindsor, Conn. 

The classic work of Hasselbring (9, 10), although it does not deal 
directly with irrigation, has a bearing on the subject since shading 
adects* plant aiursoil-moisture relations. This relation was further 
emphasized by the work of Stewart (16), who showed that average 
soil moisturej^ air temperature, and humidity were higher when 
tobacco was grown under a cloth shade than when grown iinder 
comparable conditions without shade. A partial explanation of 
some of these effects may be found in the work of G. W. Volk {17) and 
N. J. Volk {18), who studied the effects of the wetting and drying of a 
soil on potash fixation. McMurtre^^ {IS) described the symptoms of 
nitrogen deficiency, which, accoixling to Anderson and his coworkers 
{1, 2, 3), are often associated with irrigation effects. The review by 
Kramer {12) brought up to date the contributions on soil moisture in 
relation to plant growth. 

MATERIALS AND METHODS 

As previously stated, tobacco leaf grown during dry weather 
manifests certain characteristics that dift'er from those of leaf produced 
during wet weather. Since the two conditions do not occur simuh 
taneoiisly, a direct comparison of the leaf produced in the same season 
under the two conditions is not possible. It seemed desirable, there- 
fore, to set up experimentally these two conditions insofar as possible 
in order to arrive at a more complete understanding of the effects of 
insufficient and of adequate moisture on growth and character of the 
leaf produced. Such effects were evaluated by systematic measure- 
ments, chemical analyses, and any other evident changes in the 
character of the leaf. 

The unvaried cultural and handling procedures (IS) in gemu'al wciv 
those used by successful growers of the Maryland typ(‘ of lolia.cco. 
Crop yields and values were determined after stripping, grading, 
weighing, and sampling. Samples so obtained wei‘(‘ submitted to 
experienced judges of Maryland tobacco, who assigned valuers. Cal- 
culations based upon weights and values thus obtaimal i1h‘ 

source of the results reported on yields and gross values pen- aerr. 
Tests to determine the fire-holding capacity of cuihhI heaves of th(‘ 
cigarette grades were made according to the usual laboratory i)ro- 
cedures. Twenty-five leaves from as many plants were ignited' by an 
electric lighter. These tests were carried out und(n’ controlled 
temperature and humidity. 

2 Italic numbers in parentheses refer to Literature Cited, 248. 
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Tlie various artificial weather conditions were set up after tiie 
plants had become well established. There were three treatnients 
in 1934, each on a, separate plot, which was given the same number 
as its treatment. One area was held dry continuously hy means of a 
tarpaulin rolled down just before a rain and supported* by suitable 
scaffolding, as shown in figure 1. The second arcai was irrigated 
twice weekly, receiving one-fourth inch of water each time diiring 
weeks when no rain fell, and the third area in like manner received 
an equivalent of one-half inch of water. The water was added as a 
spray by means of overliead nozzh's. 


Figure 1. — Tobacco grown (4) without water during early growth and (D) with 
both rainfall and supplemeritar}' water equivalent to one-half inch twice a week 
when insufficient rain fell during early growth. Photographed August 10, 
1936. Note scaffolding for support of canvas and movable irrigation pipe 
with nozzles. 

In 1935 and thereafter five treatments were used on as many areas in 
two different series: A, lowland, and B, upland. In addition to the 
area kept dry continuously as in the previous year (No. 1), there was a 
second area irrigated by overhead nozzles to add one-half inch of 
water twice weekly if there was no rainfall during the week (treated 
like No. 3 in 1934). A third area was irrigated in the same manner 
early in the season and kept dry for the remainder of the season by 
means of a tarpaulin as on area 1. A fourth area was kept dry like 
area 1 during the early part of .the season and irrigated like area 2 dur- 
ing the last part of the season. Tobacco grown on the fifth area (the 
control area) was produced under the prevailmg rainfall. The plan 
was to roll the covers down just before a rauTand toJroll|them up as 
soon thereafter as practicable . This procedure was followed in an effort 
to avoid shading. To give protection from showers during the night 
also, an attendant was on hand to apply covers when a shower threat- 
ened. 



6T 6 ZO* 1 ORB- I OOr to* 0 0 80*12* 



220 


Journal of Agricultural Research Voi. 75. N(.s. o, 10 


Tlie rows were spaced 34 inches apart, and the plants were spaced 
the same distance in the rows. Each area was occupied by 8 rows of 
14 plants each. The border plants were removed at harvest time; 
that is, the yields and other data were taken on the 72 plants inside the 
border. Each area received a fertilizer containing 4 percent of nitro- 
gen (N) derived one-fourth from tankage, three-eighths from ammo- 
nium sulfate, and three-eighths from nitrate of soda; 8 percent of phos- 
phoric acid (P2O5) derived from superphosphate; and 12 percent of 
potash (K 2 O) derived from sulfate of potash. This mixture was 
applied in the row at the rate of 750 pounds per acre. 

The dates of transplanting, watering, applying covers, changing 
covers, topping, harvesting, and replanting, as well as the dates and 
amount of rainfall and^the amount of irrigation, are shown in table 1. 
Watering, or irrigation, was accomplished by means of overhead 
nozzles to simulate natural rainfall. Occasional^ there was rain 
immediately after irrigation; this wet the soil excessively and produced 
more or less leaching on the irrigated areas. At times it was difficult 
to irrigate during windy periods because the spray tended to blow, but 
blowing was controlled satisfactorily by avoiding windy periods and 
by tilting the spray nozzles in such a way as to direct the spray to the 
desired area. The covered areas were left unprotected at the sides to 
avoid setting up a humid atmosphere under the tarpaulin, but no seri- 
ous difficulty was encountered from blowing rains. Eecording instru- 
ments under the tarpaulin showed no significant differences in tempera- 
tures and humidity from those recorded on an adjacent uncovered con- 
trol area. It should be recognized, howmver, that the treatment on the 
dry plot did not entirely simulate natural drought conditions, because 
the atmosphere and the soil may not have been dry simultaneously. 
Besides, there were some effects of shading for it was not always desir- 
able to roll up the tarpaulin immediately after a shower because of the 
danger of its molding and decajT-ing. 

The plots were located on soils of the Collington series, but the 
plants were not grown on the same areas for the entire period, because 
of the development of nennrtodes {Hetemdera> inarioni (Cornu) 
Goodey) and of fusai-ium wilt, caused by Fusariiim oxysporum f. 
nieotianae (J. Johnson) Snydei- and Hansen. Tlie lowland series (A) 
was located on one area in 1934, another in 1935, and a third from 
1936 to 1940; on all of these the soil was mapped as Collington loam}^ 
sand and was definitely sandy with little or no subsoil. "Except m 
1936 and 1937, the upland series (B) was located on a slightly heavier 
soil with a definite subsoil at about 16 to 22 inches; it was mapped as 
Collington fine sandy loam. In 1936 and 1937 tlie soil was a loamy 
sand like that on which series A was located. The plots were in fouV 
different locations — one in 1934, a second in 1935, a third in 1936 and 
1937, and a fourth from 1938 to 1940. The water applied to plots 
in the lowlands series was obtained from a deep well, and that applied 
to the upland series was ground water from a surface spring. 

The Maryland Broadleaf variety was planted from 1934 to 1938 
and the Maryland Medium Broadleaf in 1939 and 1940. 

Some preliminary studies were made during 1934 and 1935 to de- 
termine the effect of irrigation on the percentage of moisture in the 
soil on a moist-weight basis (table 2). The soil samples were taken 
to a depth of 6 inches and repi'esented 12 borings per plot. Soil 
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Table 2. — content based on moist weight before ujid ajler watering 
irrigation plots, Upper Marlboro, Md., 1934-35 


[Samiiles represent 12 borings per plot ro a depth of 6 inches] 


Date and treatnient 
No. 

Lo tvlarid 
(series A) 

Upland 
(scries B) 

Date and treattnent 
No. 

Lowland 
(.series A) 

Uliland 
(seriiis B) 

Before 

wa- 

tering 

After 

\va- 

l.ering 

Before 

wa- 

tering 

After 

wa- 

tering 

Before 

wa- 

tering 

Aft nr 
wa- 
ter ill g 

Bt'forn 

wa- 

tering 

.\fp‘r 

a- 

, OTitig 

1934 

Per- 

Per- 

Per- 

Per- 

, 1935 

Per- 

/Vr- 

Per- 

1 /Vr- 

June 27: 

cent 

cent 

cent 

cent 

July 3: 

cent 

tv lit 

C> lit 

' Lint 

1 

4. 37 


6. 76 


1 .. 

4. 71 




2 



7.73 


2 

4. 02 


6 21 


3 

6. 47 


9.92 


3 

3. 86 


6. 27 


July 5: 





4. 

4. 24 


, 6. 37 


1 

4. 39 





4. 84 


6. .50 


2-. 

4. 76 


7. S3 


July 9: 

1 





3 

5. 92 


S. 91 


4. 72 


6. 38 


July 10 and 11: 




9 

7. 96 


11 07 


. 'l 

4. 37 

0. 39 

6. 23 

’ 6. 13 

3 

7. 71 


10. 99 


2 

4. 75 

6. 34 

6. 92 

9. 11 

4 

4. 05 


6. 03 


3 

6. 23 

0. 38 

8. 61 

13. 38 

5 

8. 2(5 


10. 88 


July 16 and 17: 





July 16: 




1 

4. 21 

4.37 

5. 40 

5. 71 

1 

4. 43 


77 


2 

4. 67 

6. 12 

7. 00 

9. 35 

9 

5. 62 


10. 17 


3 

7. 06 

7.89 

9. 48 

12. 13 

3 

5 32 


9. 88 


July 24 and 25: 

1.. 

4. 

4,01 


6. 14 


3.46 

4. 06 

5. 19 

5. 49 


5 95 


9. 57 


2 

4. 30 

5.48 

5. 98 

7, 46 

July 23 and 24: 




3 

5.91 

8. 27 

8. 81 

11.57 

1 

3 45 

3 04 

4. 42 

4 20 

July 31 and .Aug, 1: 


4.04 

8. 57 

7. 00 

10. 61 

1 

3. 73 

3.47 

5. 90 

5. 21 

3 

3, 90 

8. 11 

8. 29 

11. 13 

2 

7. 21 

6. 05 

10.39 

8. 45 

4 

2. 05 

2. 48 

5. 01 

4. 82 

3 

8^79 

7.51 

13. 32 

11. 94 


4. 10 

0.91 

6. 01 

8. 79 

Aug. 7 and 8: 


July 30 and 31: 

1 

2. 94 

2. 58 

4. 49 

4. 31 

1 

2. 44 

2. 42 

3. 25 

3. 08 

9 

5. 09 

6. 77 

6.80 

8. 16 

2 

4.02 

8. 34 

7. 91 

9. 90 

3 

7. 23 

8. 67 

10,81 

13. 19 

3 

2. 83 

7. 38 

7. 40 

10. 30 

Aug. 14 and 15: 





4 

1.07 

1. 55 

3. SO 

3. 77 

1 

2.88 

2. .57 

3.71 

3. 76 

0.^^ 

2.59 

2. 04 

4. 90 

4, 44 

9. 

7. 29 

6. 28 

9. 65 

7. SO 

.Aug. 6 and S: 





3 

0. 27 

9. 21 

13.03 

12. 93 

1... 

1.92 

2. 04 

2. 54 

2. 40 

Aug. 21 and 22: 





2.. 

4. 45 

8.71 

6. 02 

11.04 

l.„_ . 

2. 57 

2. 28 

2.99 

2.47 

3 _ . 

3. 42 

8. 07 

6.78 

11. 25 

9. 

4.59 

6.31 

6. 31 

7. 59 

4 ... 

1. 11 

i. 10 

2. 70 

2.68 

3 .. .. 

5. 97 

7. 99 

11.51 

13. 44 

5 

]. 67 

7. 46 

2. 43 

8. 67 

Autv. 28 and 29: 





Aug. 13 and 14: 





1 

1.85 

1. 90 

2.75 

2.81 

1 y 

1. 08 

1.S2 

1. 98 

1. 95 

2 

6. 74 

5.30 

8.32 

7.07 

2 

4. 43 

8.14 

7. 11 

10. 05 

3 

7. 70 

6. 95 

13. 18 

12. 92 

3 

3. 51 

7. 63 

7. 33 

10.54 

Sept, 4 and 5: 





4 

. 98 

1. 07 

2. 09 

2.23 

1 

1.40 

1.25 

2. 10 

2. 20 

5 

2. 05 

3.30 

4.03 

4.45 

9. 

7.07 

0. 78 

9.78 

8. 20 

Aug. 23 and 24: 





3 

8.42 

7. 11 

13.41 

11.83 

U.., 

1.52 

1. 38 

2. 02 

1.84 






2..- 

8. .54 

8. 71 

10. 04 

11.41 

1955 





3 

3. 20 

3. 01 

6. 09 

5. 79 

June 26: 





4 

7. 69 

8. 55 

S. 53 

9. 30 

1 

5. 46 


8.30 


5 

7. 90 

5. 98 

8. 29 

0. 71 

2 

5. 23 


8. 13 







3 

4. 63 


8. 21 







4 

5. 43 


7. 83 








5. 71 


7.80 








moisture was determined by drying to constant weight in an electric 
oven held at 105 ° C. 

The official methods (4) were employed in obtaining the analytical 
results reported for starch, reducing sugai-s, sucrose, ash, phosphoric 
acid (P 2 O 5 ), lime (CaO), magnesia (MgO), and sulfur (S). porrections 
for sand and other siliceous soil material as applied in official methods 
(4) were used as a basis for calculating the results (see tables 9-13). 
Moisture in the leaf was determined by drying it at 100 ° 0. for 4 
hours. Nitrogen (N) was determined by the official Gunning rnethod 
modified to include nitrate as given for fertilizers, with the substitution 
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of 0.7 gm. of mercuric oxide for copper oxide. Potasli (K 2 O) was 
determined by solution of sample by the wet digestion method of 
West (75) and the modified chloroplatinate method of Hicks {11). 
The weights of leaf material shown in tables 4 to 8 include the midrib 
and were not corrected for sand and other siliceous materialj whereas 
the data shown in tables 9 and 10 w^ere corrected for siliceous soil 
material and do not include the midrib. Nicotine was determined 
by a modification of the Keller method (6) made in the Division of 
Tobacco and Plant Nutrition. 

EXPERIMENTAL RESULTS 

PHYSICAL MEASUREMENTS 

The water content of the surface soil was definitely modified by 
the methods used to control the water supply (table 2). It is in- 
conceivable that the plants growing on the area to which no \vater 
was added and having a moisture content as low as 1 or 2 percent 
could have developed at all unless they were drawing on subsoil 
reserves. Soil-moisture content at greater depths shown in table 3 
for 1937 indicated that this was taking place. The plants growing 
under these conditions as a*rule exhibited severe wilting during the 
day and more or less wilting (fig. 1) at all times, but they did not show 
any considerable loss of the lower leaves from drying (see tables 4 
and 5). At times during dry periods the water content of the soil 
of the control ]dot was as low as that of the soil of area 1, which re- 
ceived no rainfall and no iirigation. This condition was usually 
of short duration, however, since as a rule rain fell in time to correct 
this critical situation. When the water was withheld from area 3 
late in the season, usually about 2 to 3 weeks before harvest, the soil 
moisture was rapidly reduced to a low level by the growing plants 
(tables 2 and 3). 


Table 3. — Soil-moisture content based on moist weight at £ depths in irrigation 
plots. Upper MoA'lboro, Md., 19S7 


[Samples represent 12 borings per plot] 


Date and treatment 
No. 

Louiand 
(series A) 

Upland 
(series B) 

Date and treatment 
No. 

Lowland 
(series A) 

Ui)land 
(series B) 

0-12 

inches 

12-24 

inches 

0-12 

inches 

12-24 

inches 

0-12 

inches 

1 

I 12-24 
j inches 

0-12 1 12-24 
inches| inches 


Per' 

Per- 

Per- 

Per- 


Per- 

.Per- 

Per- Pi r- 

July 28: 

cent 

cent 

cent 

cent 

August 11— Con. 

cent 

cent 

cent • cent 

1 


13.73 

3. 33 

5. 31 

4 

3. 50 

9. 61 


2 

8.60 

11. 42 

7. 77 

7. So 

O', 

5. 38 

S. 16 

4. 09 :i. 

3 

7.82 

11.99 

7. 97 

7. 80 

August IS: 




4 

5. 62 

12. 05 

3. 96 

5. 54 

1 

3. 16 

10. 00 

2.35 3,76 

5. 

6. 36 

9. 76 

3. 81 


9 

8. 47 

1 1 . 4.^1 

7. 49 ! 3. 92 

August 4: 





3 

5. 61 

9. 54 

4.33 j LI 5 

I 

5. 02 

12.48 

3.04 

4. S2 

4 . 

7. 32 

10, 64 

6. 66 ‘ 4. 68 

2 

1 8. 35 

10. 81 

7. 3S 

6. 94 

5 ... 

0.32 ! 

1 7. SO 

4. 49 j A 42 

3 

8.55 

i 11.62 

7.42 

7. 56 

September 1: 



4 - 

4. 98 

^ 9.67 

3. 42 

5. 20 

1 

4. 13 

9 12 i 

2. 40 1 3. 61 

5 

4, 45 

8.50 

3. 14 

4, 69 

2 

S. 91 

12.89 1 
8 . 29 1 

7, 02 8, 21 

August 11: 





3. 

6. 55 

3.80 1 4 ] 92 

1 

3.69 

11.40 

2. 61 

4. 05 

4 

8. 10 

15.22 i 

7. OS i 8. 78 

2 

7.95 

10. 55 

6.22 

7.10 

5 

8. 28 

12.27 1 

1 

6. 28 1 7* 32 

3 

7. 53 

10.67 

6.51 

6. 67 





Nov. 1, 15, 11)47 Effects of Controlled Soil Moisture on T oh acco 


223 


The actual growtli rate of the plant can most satisfactorily be 
expressed in terrns of measurements made at intervals of the height of 
the plant and of the width and length of the leaves and of counts of 
the leaves. Dry-weight data to determine at intervals the increase in 
dry matter necessitate the harvesting and destruction of part of the 
experimental plantings and so generally are not feasible. 

The leaf area developed by the plants was determined at 14-day 
intervals. The method used was based upon the formula by Goff 
(7, P. 574): 

Tly area of a leaf was computed by multiplying its length by one-half its width, 
and increasing the product by one-third, it having been ascertained by trial that 
this is nearly exact. The average length and the average width of a leaf was 
ascertained by taking measurements of 800 whole leaves. 

More recently a mathematical method for determining the area of 
tobacco leaves was reported by Gubenko {8). The methods discussed 
in his paper appear to agree very closely with Goff's formula DX 1/2 W 
increased by 1/3, in which L represents the length and TF the width of 
the leaf. This formula can also be expressed as 2/3 L'XW. While 
Goff used the average length and width in his calculations, possibly for 
leaves of nearly the same size, this procedure would not be accurate 
if the leaves varied greatly in size, as from the bottom to the top of the 
plant. The area of each leaf would then have to be determined as a 
unit and the total for the plant arrived at by summation ; this procedure 
was followed to obtain the results reported in tables 4, 5, 7, and 8. 

The areas of leaves by groups with reference to position on the stalk 
and the total leaf area per plant are shown for the two varieties of 
Maryland tobacco in tables 4 and 5. At the time of the first measure- 
ments, approximately 30 days after transplanting, comparatively 
little variation in size of plants on the several plots was shown by the 
data on total leaf area, lieight of plant, number of leaves, and length of 
internodes. The two varieties, Maryland Broadleaf and Maryland 
Medium Broadleaf, had leaf areas approximating 3 or 4 square feet 
per plant at the time of the first measurement, and the two varieties 
and the five treatments were in reasonably close agreement. The 
subsequent measurements, however, showed decided differences for 
both varieties as a result of the various water treatments. The use of 
supplemental water in treatment 2 almost doubled the leaf area per 
plant as compared with treatment 1 with neither rainfall nor irrigation. 
The Maryland Broadleaf consistently produced plants with a greater 
leaf area than the Maryland Medium Broadleaf. How'ever, there was 
no decided difference in the area per plant in the dry and control 
treatments. There was a loss of area by the lower leaves as a result 
of drying, or firing. The leaf area finally attained in square feet per 
plant roughly pamlleled the number of leaves from plants grown on 
areas which were supplied with water treatment 2 (throughout the 
period) or treatment 3 (only during early growth). 

The plots to which additional water was supplied produced taller 
plants with longer internodes and more total leaves than those on the 
area from which water was withheld. The plants of the Maryland 
Broadleaf variety grown on areas kept dry during early growth had 
more green leaves than those on irrigated areas (table 4). The 
Maryland Broadleaf variety developed more leaves than the Mary- 
land Medium Broadleaf and reached its maximum leaf area 2 weeks 


764540—47 2 



Table 5. Average area of green leaves, height of plant, length of internodes, and number of leaves per plant of Maryland Medium Broadleaf 
tobacco grown with and without rainfall or supplemental water, Upper Marlboro, Md.M 939-40 

[Counts and measurements made at M-daj^ intervals on 24 plants comprising 2 rows, or one-third, of each plot in series B] 
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earlier, indicating more rapid growth (fig. 2 ) . The Maryland Medium 
Broadleaf was apparently more seriously affected by the early dry 
period (treatment 4), since it did not recover as quickly or produce 
as much leaf area as the Maryland Broadleaf when irrigation was 
resumed late in the season (fig. 3). The total leaf number, internode 



TIME ELAPSED AFTER FIRST MEASUREMENTS (DAYS) 


Figure 2. — Effect of irrigation on average leaf area per plant of the Maryland 
Broadleaf variety (1936-38) and the Maryland Medium Broadleaf (1939-40), 
when measured at 14-day intervals during the growing period and after curing. 
Data for cured leaf of the Maryland Medium Broadleaf are for 1939 only. 
Treatment 1, without rainfall or supplemental water during entire period^ of 
growth; treatment 2, with rainfall and supplemental water throughout period 
of growth; treatment 3, with rainfall and supplemental water during early 
period of growth, but without rainfall or supplemental water during late period 
of growth; treatment 4, without rainfall or supplemental water during early 
period of growth, but with rainfall and supplemental 'water during late period 
of growdli; treatment 5, '^vith rainfall, but w^ithout supplemental water during 
entire period of growth. 

length; and height of plant showed much the same relatioii. The 
loss of the lower leaves was much more pronounced vith both varieties 
on the plots furnished abundant moisture (rainfall and supplemental 
water). 

A comparison of the leaves produced on diy soil and those produced 
on soil to Avhich water was applied showed that the shape of the leaves 
was not greatly modified by the application of water. The ratio of 
length to width was practically constant except in the top leaves of 
Maryland Medium Broadleaf (table 6). The top leaves apparently 
increased in width 'where water was supplied. At the time of the 
fourth measurement the ratio of length to width was 2.41 with rainfall 
and supplemental water and 2.65 without either. The top leaves 
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were definitely longer in relation to width than the lower lcaves„ 
This relation changes gradually from the lower leaves, wliich were 
broad, to the middle leaves, which were narrow; the top leaves were 
the narrowest of the three groups. Although the addition of water 
did not greatly modify the shape of the leaf, it did cause a decided 
increase in size, as shown by measurements of length and width. 

The measurements of the areas per plant of cured leaves, which 
possibly are not so accurate as those of the green-leaf areas, since it 
is difficult to smooth out cured leaves and obtain a true measure, 
showed decided differences as a result of the treatments (tables 7 
and 8). The measurements were made and the data on moisture 
absorption were taken in a room where moisture and tem])eratiire 



Figure 3. — Tobacco grown (A) without water during early growth, but with 
subsequent rainfall and siu)pleniental water for 16 days and (B) with supple- 
mental ivater and rainfall during early growth, but both subsequently withheld 
for 16 days. Photographed August 26, 1936. (Compare with fig. 1.) 

were under control; they are, therefore, believed to be comparatively ||j 

accurate. The moist and oven-dry weights of the cured leaves showed li 

decided differences as a result of moisture supplied to the growing- 
plants. The leaf of both varieties produced where water was with- 
held had the highest weight per square foot, but the Maryland 
Medium Broadleaf (table 8) had a higher weight per unit area than 
the Maryland Broadleaf (table 7). The 1940 crop was not included 
in the tabulation for cured leaf, as the control room was not available 
for handling the crop. As a rule the percentage of moisture absorbed 
by the cured leaf was highest where moisture was supplied in the 
field. Leaf grown on soil from which water was withheld early in 
the season was similar in moisture absorption and weight per square 
foot to that grown where water was withheld tlnnughout the season 
(tables 7 and 8). Generally speaking, the leaf having the highest 
moisture-absorbing capacity and the lowest weight per square foot 
was produced on the plot from which water was withheld late in the 
season, that is, for 2 to 3 weeks before harvest (tables 7 and 8). The 
leaf produced on the control plot varied widely, depending upon the 
prevailing seasonal conditions. 


[Measurements made at 14-day intervals durine 
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The values shown in tables 4 and 7 are averai>;es for 3 years a, in I 
represent data for series B only. The values for individuai^vears did 
not show a wide departure from the averages, and t iu^ reialive .rt'sponsi^ 
to the treatmcmts was much the same each year. The values in table 5 
are averages from series B for_2 years, and the values for individual 
years showed, no apparent significant departures from the averages. 

The stalk weights showed a greater difference between treatments 
than leaf weights; the stalks tended to be relatively smaller on the diy 
plot than on the irrigated ones, as shown by the percentage of top 
growth represented by the stalks (tables 7 and 8). Weights of stalks 
showed a similar trend (see table 14). 

Table 7. — -Average area and moist and oven-dry weights of cured leaves per plant, 
moist and oven-dry weights per square foot of cured leaves, percentage of moisture 
absorbed by leaves when exposed to constant temperature and rnoisture conditions, 
and weights of stalks of Alaryland Broadleaf tobacco grown with and withoui rain- 
fall or supplemental water, Upper Marlboro, Md., 1936-38 


[Measureiiients iiuide at 88 percent relative humidity and 77® ,F. on leaves from 24 plants comprising' 2 
rows, or one-third, of each plot in series B; the lower, middle, and top leaf .groups usually consisted of 5 
or 6 leaves per plant] 


Plant part 
and treat- 
niont No. 

Water treatment 

Aver- 

age 

area 

per 

plant 

Moist 

weight 

1 

Oven- 

dry 

weight 

Mois- 

ture 

Moi.st 

weight 

];)er 

sq iiare 
foot 

0 ven* 
dry 
weight 
per 

square 

foot 

.Precipitation 

Iria’gation 

Early 

Late 

Early 

Late 






Stfuare 



Per- 



Lower leaves: 





feet 

Grams 

Gramii 

cent 

Grams 

Grams 

1 

Without > 

Without- 

Without- 

Without - 

3. 31 

21.99 

17. 73 

19. 37 

6. 64 

5. 36 

9. 

With 

With 

With 

With 

0. 47 

30. 84 

24. 59 

20. 27 

5. 64 

4. 50 

3 

...... do 

Without - 

...do 

Without . 

f). 4r) 

?,0 . 50 

23. 75 

22. 13 

5. 59 

4. 35 

4 

Without . 

With 

Without . 

With 

4. 06 

26. 05 

20. 45 

21. 50 

6. 42 

5. 04 

5- « ...... 

With 

...do 

...do 

Without- 

4.04 

27.36 

21. 61 

21.02 

5. 90 

4.66 

Middle 











leaves: 











1 

Without . 

Without . 

...do 

...do 

0. 10 

36. 00 

28. 37 

21.19 

6. 98 

5. 50 

2 

With.... 

With .... 

With 

With..... 

8. 16 

52. 06 

41. 17 

20. 92 

6. 38 

5. 05 

3 

do 

Without . 

...do. 

Without - 

8. 47 

51.24 

39. 57 

22. 78 

6. 05 

4. 67 

4 

Without . 

With 

Without- 

With 

7.13 

43. 45 

33. 56 

22. 76 

6. 09 

4.71 


With 

...do 

...do 

AVithout - 

7.28 

47. 05 

36. 64 

22. 13 

6. 4(.; 

5. 03 

Top leaves: 











'1 

Without - 

Without - 

. _ do 

...do 

2.62 

22.93 

17. 56 

23. 42 

S. 75 

6. 70 

9. 

With 

With 

With 

With 

4. 56 

35.68 

27. 54 

22. SI 

7.82 

6. 04 

3.._, - 

.do 

Without . 

...do..... 

AVithout - 

4. 95 

35.59- 

26. 97 

24. 22 

7. 19 

5. 45 

4 

Witliout . 

With 

Without . 

AATth 

4.S8 

36. 63 

27.37 

25. 28 

7. 51 

5. 61 

5 

With 

...do 

...do 

AATthout - 

4. 27 

32. 52 

24. 74 

23. 92 

7.62 

5. 79 

All 











leaves: 

1 __. 

Without _ 

Without _ 

...do 

...do 

11.09 

80. 92 

63. 66 

21. 33 

7. 30 

5. 74 

2... 

With 

With 

With 

AVith 

18. 19 

118. 58 

93. 30 

21. 32 

6.52 

5.13 

3._„ 

...do 

Without . 

...do 

AATthout - 

18.88 

117.33 

90. 29 

23. 05 

6. 21 

4. 78 

4-., 

Without - 

With 

Without. 

AA^ith 

16. 07 

106. 13 

81. 38 

23. 32 

6. 60 

5. 06 


With 

...do 

...do 

Without- 

16. 19 

106. 93 

82. 99 

22. 39 

6. 60 

5.13 






Per- 






Stalks: ^ 





cent 2 







Wi f Anf 

WifVimit 

do 

do 

37. 53 

52. 77 

38. 25 

27. 52 



9. 

With 

VV . 

With 

'Witli.T-- 

"AWth-Tk 

48. 76 

115.08 

88. 81 

22. 83 



3 

...do 

Without. 

...do 

AAuthout- 

42. 96 

89. 33 

68. 01 

23. 87 



1 

V^ithout 

'Wit;]'! 

Without . 

With 

40. 65 

74. 92 

55. 73 

25. 61 



Ft 

With 

tlo 

do 

AVithout- 

46.08 

92.87 

70. 91 

23. 65 















J stalk weights are averages for 1937 and 1938. 
Percent of top (above-ground portion harvested). 


230 


Journal of Agricultural Research 


Vol. To, Nos. 9, 10 


The roots did not receive complete study, but among those studied 
there were decided differences in development (fig. 4). The roots of 
five plants from each treatment of the 1939 crop were washed out of 
the soil by a stream of water from a hose, and the average air-dry 
weights were determined (table 8). There were very few fibrous roots 
on plants grown on the area held dry all season (treatment p, but 
abundant fibrous roots were evident where the plants were irrigated. 
Since it was not practical to wash out all the roots throughout their 
entire length, it was not possible to detei-mine the effect of soil-water 
relations on root length. 

Table 8. — Average area and moist and oven-dry iveights of cured leaves per plant, 
moist and oven-dry weights per square foot of cured leaves, percentage of moisture 
absorbed by leaves when exposed to constant temperature a.nd moisture conditioris, 
and weights of stalks and roots of Maryland Medium Broadleaf tobacco grown 
with and without rainfall or supplemental water, Upper Marlboro, Md,, 1939 


Measurements made at 88 percent relative humidity and 77° F, on leaves from 24 plants comprising 2 rows, 
or one-third, of plants for each treatment: the lower, middle, and top leaf groups usually consisted of 5 
or 6 leaves per plant] 


Plant part 
and treat- 
ment No. 

Water treatment 

Aver- 

age 

area 

per 

M‘oist 

weight 

Oven- 

dry 

weight 

Mois- 

ture 

Moist 

weight 

per 

square 

foot 

Oven- 

dry 

weight 

per 

square 

foot 

Precipitation 

Irrigation 

Early 

Late 

Early 

Late 

plant 






Sqnart 



Per- 



Lower leaves: 





feet 

Grams 

Grams 

cent 

Grams 

Grams 

1 

Without 

W'ithout - 

Without- 

Without - 

3.34 

23. 37 

18. 91 

19. 08 

7.00 

5, 60 

2 

With.... 

With 

With 

With 

4. 93 

33. 95 

26.54 

21.83 

6. 89 

5. 38 

3 

...do 

Without. 

...do 

Wl'thoiit - 

5. 23 

34. 91 

27. 24 

21. 97 

6. 67 

5. 21 

4 

Without 

Wbth 

Without - 

With 

3. 84 

29. 75 

23. 78 

20. 07 

7. 75 

6. 19 


With.... 

.... do . 

..do 

Without . 

4.35 

32. 21 

26. 19 

21.80 

7. 40 

5. 79 

Middle leaves: 











1 

Without . 

Without- 

...do 

...do 

3. 28 

27. 06 

21. 27 

21. 40 

S. 25 

6. 48 

2 

W'ith 

Wbth 

With 

With 

4. 54 

32. 91 

25. 36 

22.94 

7. 25 


3 

...do 

Without . 

...do 

Without - 

5. 32 

38. 68 

29. 71 

23. 19 

7. 27 

5. 58 

4 

W ithout . 

Wdth . - 

W ithout - 

With 

3. 79 

31. 88 

24. SI 

22. IS 

8. 41 


5 

With 

do. -- 

do... 

Without - 

4. 66 

35. 41 

27. 13 

23.38 

7. 60 

5. 82 

'Pop leaves: 











1 

Without. 

Without- 

..do 

...do 

1.82 

16. 60 

12. 89 

22. 35 

9. 12 

•7. OS 

2 

With 

Wbth 

Wl'th 

Wl'th 

3. 72 

29. 96 

22. 81 

23. 87 

S. 05 

6. 13 

3 

...do 

Without. 

...do 

Without. 

3.82 

30. 34 

23. 07 

23. 96 

7. 94 

6. 04 

4 

Without. 

With 

Without. 

With 

2.73 

22. 84 

17. 55 

23.16 

8.37 : 

6. 43 

5 

W'ith 

...do 

...do 

Without - 

3. 59 

29. 4S 

22. 44 

23. 88 

8. 21 

6. 25 

All 











leaves: 











1... 

Without. 

W' ithout . 

...do..... 

...do 

S. 44 

67. 03 

53.07 1 

20.83 

7. 94 

6. 29 

2 

With 

With 

With 

! With 

13. 19 

96. 82 

74.71 i 

22. 84 

7 . 34 

5. 66 

zVf 

...do 

Without - 

...do 

Without. 

14.37 

103. 93 

SO. 02 

2.3. 01 

7. 23 

5. 57 

4... 

Without. 

With 

W^ithout - 

With 

10. 36 

84. 47 

6t). 14 1 

21.70 

8. 15 

6. 38 

5 

W'ith 

...do 

...do 

Without. 

12. 60 

97. 10 

74. 76 

23.01 

7. 71 

5. 93 

balks; 





Per- 
cent 1 






1 

Wdlhout - 

Without . 

...do 

...do 

37. 35 


31.64 1 


1 


2 

W'ith 

With. .. 

With 

With 

43. 64 


57. 84 ! 


1 


3... 

...do 

W’ ithout . 

...do 

W^ithout . 

40. 61 


54 ! 72 ! 




4 

Without . 

^Ith 

Without. 

With 

31. 96 


31.07 1 


! 


5... 

With 

...do 

...do 

Without . 

41.88 


53.87 1 

i 

1 


toots: 








i 

1 


l.._ 

Without - 

Without. . 

...do 

...do 


106. 00 

21.40 

79.81 

j 


9 . 

With 

With 

With .. 

With 


314 00 

63. 90 

79. 65 ' 

" " i 


3 

...do 

Without- . 

...do 

Without. 


29S.’00 i 

69 ! .50 

76. Its 



4-.- 

W'ithout - 

With 

W’^ithout . 

With 


181.00 ' 

3.3. i)0 ' 

4.4 



^ 

■With 

.-do 

...do 

Without. . 

"i 

193. 00 ‘ 

.37.' 40 ' 

0 i . ir-l 

80. 62 

i 

1 



1 Percent of top (above-ground portion harvested). 
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Figure 4. — Tobacco roots typical of those produced in irrigation series: A, With- 
out rainfall or supplemental water during the entire period of growth; B, with 
rainfall and supplemental water throughout period of growth; C, with rainfall 
and supplemental water during early period of growth, but without either during 
late period of growth; D, without rainfall or supplemental water during early 
period of growth, but with both rainfall and supplemental water during late 
period of growth; E, with rainfall only during entire period of growtli. Photo- 
graphed October 1939. 


BIOCHEMICAL STUDIES 

The results presented in tables 9 and 10 are based on samples taken 
from seines A (lowland) and B (upland) and represent average values 
corrected for the sand and other siliceous soil material adhering to the 
leaves. In most details the results from the two series agree as to 
effects produced by irrigation. The areas of leaves with midribs 
removed were determined by tracing on maiiila wrapping paper, 
measuring the total area of the paper, cutting out and weighing the 
leaf tracings, and calculating the areas on the basis of weight relations. 
The water supplied definitely increased the leaf area, green and oven- 
dry weights per leaf, water content, and green weight per square foot 
(table 9) . These increases were as a rule directly related to the amount 
of water supplied by irrigation. The oven-dry weight per square foot 
in general was inversely related to the amount of water supplied. 
Much the same relations are apparent in table 10, The treatments 
for 1935 did not include a differential rate of irrigation, but did include 
differences in time of application. Withholding the water for 3 weeks 
prior to harvest (treatment 3, table 10) resulted in leaf weighing less 
per unit area than that from any other treatment represented, agreeing 
with the results presented in tables 7 and 8. However, in this mstance 
the weight was much less since the results were corrected for sand and 
other siliceous soil material and the midrib weight was not included 
in the total area weight from which the calculations were made. It is 
interesting to note that the green weight per square foot of leaf area 
was lower in the area where water was withheld than in the area 
where water was added, supporting the values in the next column 
showing a greater weight per square foot of oven-dry material. This 
difference apparently was largely water, as the leaf showed a lower 
percentage of water. These differences became more pronounced as 
the season advanced; the August 23 samples show a wider difference 
than the July 23 samples. 

764540 — 47-~-™-3 
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The results of analysis of the 1935 crop (table 11) are based on 
averages from series A and B, which were in reasonably close agiee- 
meiit. The percentage of nitrogen in the leaves, stalks, and tops of 
plants grown in areas from which water was withheld was definitely 
higher than in plants from areas supplied with water during early 
growth. However, the highest percentage of nitrogen was found in 
the leaves, stalks, and tops of plants grown on the area from which 
water was withheld early in the season and supplied during the last 
3 vreeks of growth (treatment 4). In fact, the percentages of all the 
ash constituents except sulfur were highest wiien the water wurs sup- 
plied only during the late period of growth. The percentage of phos- 
phoric acid (P2O5), although low regardless of treatment, showa^d 
much the same relations as nitrogen. The percentage of potash 
(K 2 O) was definitely lower in the leaves of plants grown in the area 
from which water was withheld than in areas where it w^as supplied, 
but the leaf grown under the late irrigations showu^d the highest 
content of this constituent. This increase in potash cannot be 
accounted for by the potash content of the Avater applied, as analysis 
of the w^ater showed less than 4 pounds of K 2 O applied per acre where 
supplemental w^ater w^as supplied throughout the season. The data 

Table 9. — Average leaf area, green and oven-dry weights per leaf, water content, green 
and oven-dry weights per square foot of leaves from plants of AJ ary land Broadleaf 
tobacco grown with and without rainfall or supplemental water, Upper Alarlboro, 

Md,, im 


Samples consisted of 1 5 half leaves taken from 2 groups of In plants so as to avoid severe mutilation of i:)la:nts 
values shown are averages from series A and B corrected for adhering sand and other siliceous soil mate 
rial] 



'Water treatment 

Average leaf 


Green 

weight 

per 

square 

foot 

Oven- 

drv 

Date, leaf,’ and 
treatment No. 

Precipita- 

tion 

Irrigation 

Area 

Green 

weight 

Oven- 

dry 

weight 

Water 

weiglit 

|)er 

square 

foot 

,luly 31 (seventh 
leaf) : 

1 

Without . . 

IVithout 

S<iuare 

feet 

0. 71 

Grams 
16. 58 

Gra rns 
2. 05 

Percent 
87. 64 

Grams 

23.35 

Grams 

2. so 

2 

3 

"With 

...do 

inch twice weekly . . 
inch twice weekly. . 

.79 

.80 

19. 66 

20. 55 

2. 43 
2. 41 

87. 74 

88. 27 

25. 87 
25. 69 

3. 2( 
3. 01 

August 6 (sev- 
enth leaf) : 








1 

'Without . 

Without . - 

. 78 

1 7. 59 

2. 55 

So. 50 

22, 55 

3 ^7 

2 

'With. . 

14 inch twice weekly. . 
3^2 inch twice weekly. . 

1 01 

25. 71 

3 88 

84. 91 
86. 29 


3 .84 

3 - - 

...do 

1.20 

34.00 

4. 66 

26. 36 

3. 61 

A 11 gust 14 
(eighth leaf)! 









1 

"W'ithout. . 

Without . . 

.88 

20. 32 
27. 51 


Sf), iSt') 1 

23.09 ’ 
25. 7i 

•I 03 

2 


14 inch twice weekly. . 
}4 inch twice weekly. . 

1.07 

3 33 

87^ 90 i 
88. .58 

3 ! 11 

3. 00 

3 

...do 

1.15 

30. 20 

.3. 45 

26! 26 

August 21 
(eighth leaf) ; 




1 





I 

W'ithout. . 

Without . 

, S7 

18.66 i 

2. 64 

85 85 

21.45 

24. 54 

25. 72 

3. 03 
3. 14 
2. 86 



3 . 

\rith 

...do 

14 inch twice weekly. . 
Ig inch twice weekly. . 

1.25 

1.58 

30.67 i 
40. 63 

3. 93 

4. 52 

s7. 19 

8S. 88 

August 28 (ninth 








leaf): 

1 

'Without. 

Without 

.97 

22. 29 

3. Pi 

S5. 82 

22. 98 ' 

3. 26 

2 

3 

With 

...do 

14 inch twice weekly. . 
1^ inch twice weekly. . 

1.23 

1. 45 

3L03 ! 
37.41 1 

3.' 76 

4. 07 

.87.' 88 ' 
89. 12 , 

2.5. SO 

3 ! 06 
2. 81 

September 6 








(ninth leaf) : 

1 

Without. . 

Without ... 

.80 

18.32 

2. 94 

4. 60 

SH- 1 

i 

20. 58 i 

3, 30 

2 

W^ith. 

14 inch twice weekly. . 

1.3S 

31.57 

S5'43 I 

22 ! SS ! 

3 ! 33 

3 

...do 

1-4 inch twice weekly. . 

1.72 1 

42. 87 

4.91 

SS. 55 ! 

24.92 1 

2. 85 


1 Leaves numbered from bottom of plant. 
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thus indicate an important influence of water upon the availability 
to the tobacco plant of relatively insoluble soil potash. The per- 
centages of lime and magnesia were increased by withholding water, 
but the reverse appears to be true of sulfur. However, when water 
was added late in the season the percentages of lime and magnesia 
were increased. The plants from the control treatment tencled to 
approach those that received the late additions of water in percentage 
content of the various constituents. The percentage of total ash 
content was lowest in the leaf of plants grown where water was sup- 
plied throughout the growing period and highest where water was 
supplied during the last 3 weeks prior to harvest. These same rela- 
tions prevailed for the stalks and consequently for the tops, including 
leaf and stalk. 

The actual recovery values for ash constituents (pounds per 
acre) were related much the same as the percentage values were 

Table 10 . — Average leaf area, green and oven-dry weights per leaf, water content, 
green and oven-dry weights per square foot of leaves from, plants of Maryland 
Broadleaf tobacco grown with and without rainfall or supplemental water. Upper 
Marlho7'o, Md., 1935 


Samples consisted of 15 half leaves taken from 2 groups of 15 plants so as to avoid severe mutilation of plants ; 
values shown are averages for series A and B corrected for adhering sand and other siliceous soil 
material] 




Water treatment 


Average leaf 


Green 

Oven- 

Date, leaf,! 
and treat- 
ment No. 

Precipitation 

Irrigation 


Green 

Oven- 

Water 

weight 

per 

square 

weight 

per 


Early 

Late 

Early 

Late 

Area 

weight 

dry 

weight 


foot 

squaie 

foot 

July 23 (sev- 
enth leaf) : 

! 




Square 

feet 

Grams 

Grams 

Per- 

cent 

Grams 

Grams 

1 

Without-- 

Without-- 

Without— 

■Without— 

0.49 

10. 73 

1.82 

83. 04 

21. 90 

3. 71 

2 

With 

With 

With 

With 

.67 

15.76 

2. 25 

85. 72 

23.52 

3. 36 

3 

__.do 

Without-! 

...do 

Without-- 

.73 

16. 71 

2.41 

85.58 

22.89 

3. 30 

4 

Without-. 

With 

Without- 

With 

.54 

11. 71 

1.94 

83. 43 

21. 69 

3. 59 

5 

With 

...do 

...do 

■Without— 

.77 

18. 71 

2.72 

85.46 

24. 30 

3.53 

July 30 (sev- 
enth leaf) : 











1 

Without-- 

Without— 

...do 

...do. 

.59 

14.08 

2.68 

80. 97 

23. 86 

4.54 

2 

With 

With 

With 

With 

.88 

21. 83 

3. 46 

84. 15 

24.81 

3. 93 

3 

—do 

Without-- 

...do. 

W’^ithout- 

.93 

23. 33 

3. 69 

84. 18 

25. 09 

3. 97 

4 

Without- 

With 

Without . 

With 

.59 

13. 44 

2. 49 

81.47 

22. 78 

4.22 

5 

With 

-.-do 

— .do 

Without— 

.96 

24.80 

3. 87 

84.40 

25. 83 

4. 03 

August 6 
(eighth 
leaf): 











1 

Without- 

Without-. 

...do 

...do. 

.62 

14. 16 

2. 82 

80.08 

22.84 

4. 55 

2 

With 

With 

With 

With 

1.13 

28.90 

4. 39 

84.81 

25.58 

3.88 

3 

---do 

Without-. 

...do 

Without- 

1.05 

26.43 

4. 12 

84.41 

25. 17 

3.92 

4 

Without. - 

With 

Without- 

With 

.63 

14. 15 

2.70 

80.92 

22.46 

4.29 

5, 

With 

...do 

— do 

Without- - 

1. 09 

26. 88 

4. 10 

84. 75 

24. 66 

3.76 

August 13 
(eighth 
leaf): 











1 

Without - 

Without- 

...do 

...do 

.66 

15. 22 

2. 93 

80. 75 

23. 06 

4. 44 

2 

With 

With..... 

With 

With 

1.08 

26. 50 

3. 97 

85. 02 

24. 54 

3. 68 

3-, 

...do 

Without- 

...do 

Without— 

1. 06 

24. 89 

3. 74 

84. 97 

23. 48 

3.53 

4 

Without. - 

With 

Without— 

With 

.58 

13. 56 

2. 62 

80. 68 

23. 38 

4. 52 

5 

August 23 

With 

...do 

...do 

Wnthout- 

1.05 

25.49 

3. 90 

84. 70 

24. 28 

3. 71 

(ninth 

leaf): 











1 

Without- - 

Without— 

...do. 

...do_ 

.70 

15. 92 

3. 20 

79. 90 

22.74 

4. 57 

2 

With-... 

With 

With 

With 

1.28 

31. 34 

4. 62 

85.26 

24. 48 

3.61 

3 - 

...do 

Without.. 

...do 

Without - 

1,14 

26. 66 

3. 84 

85. 60 

23. 39 

3.37 

4... 

Without- - 

With 

Without— 

With 

.85 

21. 29 

3. 34 

84. 31 

25. 05 

3. 93 

6 

With 

i 

...do 

...do — __ 

Without-- 

1.24 

31. 37 

4.70 

85.02 

25. 30 

3.79 


J Leaves numbered from bottom of plant. 
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(table 11). However, there was one notable exception: the greatest 
recovery of total ash and most constituents that make up the ash 
took place in plants on the control plot. The lowest took place con- 
sistently where the soil was held dry during the entire period (treat- 
ment 1). However, on the basis of recovery per square foot of leaf 
surface, the leaves grown under the dry condition early in the season 
showed higher recovery of all constituents except potash and sulfur 
than those grown under other treatments. 

The resufts of the analysis of the 1936 crop from series B (table 12) 
showed much the same relations as those for 1935 (table 11). The crop 
grown under dry conditions (treatment 1) had the highest percentage 
of nitrogen and the greatest content per unit area of leaf , but a lower 
recovery in pounds per acre than the crop that received treatment 5 
because of the small size of the plants. The percentage of potash 
was about the same in the leaf produced on the control plot as in that 
grown under irrigation, but the highest total recovery in pounds per 
acre took place where supplemental water was added. Again, the 
lowest recovery in pounds per acre took place in plants grown where 
water was witlihelcl. The main difference appears to be one of size 
of plant rather than increased percentage of any constituent. The 
exceptions to this generalization were the highest percentage of 
nitrogen in leaf of plants grown for the entire period with low soil 
water (treatment 1) and the lowest percentage of nitrogen in the leaf 
grown under irrigation (treatment 2), apparently the result of leaching 
from the soil. 

In both 1935 and 1936 the percentages of nicotine in the leaf and 
stalk of plants grown without water (treatment 1) were distinctly 
higher than in those of plants grown with irrigation throughout the 
season. Nicotine content per unit area of leaf was also highest in plants 
grown without water. The application of water late in the season 
produced a higher percentage of nicotine as well as a larger amount 
per square foot of leaf area than other irrigation treatments. The 
percentage of nicotine was lowest where there was continuoiis irriga- 
tion. These comparisons seem to bear some relation to the nitrogen 
content. The yields of nicotine on the acre basis did not show the 
same relation to the treatments that the percentages did because of 
compensation in size of plants. 

Some studies were made to determine the effect of irrigation on 
the organic constituents of tobacco (table 13). In the late stages of 
growth starch and sucrose w^ere definitel}^ higher in the leaf grown 
under dry conditions (treatment 1) than in that grown with abundant 
moisture (treatment 2). Leaf composition of control plants was 
similar to that of leaf subjected to treatment 1 . There was apparentlj" 
a difference in the content of reducing sugars. 

YIELDS, VALUE, AND QUALITY OF THE CROP 

The yields and value of the crop are in the last analysis best 
tangible measure of the product. The crop must be acceptaf)le to 
the trade to become an economic factor in agriculture. It is not always 
possible or easy to obtain a true picture of yield and value relations, 
but_ carefully conducted tests for a period of years offer the best 
available approach. The results presented in table 14 show striking 



Table 12, Am^'age vjeight per plant, content and recovery per acre of the different plant-food constituents, and content and yield of nicotine 
from Maryland Broadleaf tobacco grown with and without y^arnfall or supplemental water, hpper Marlboro, Md., 1936 

[Determinations based upon 24 sample plants from series B (moisture-free basis and corrected for sand and other siliceous soil material)] 





Table 13 . — Average area, green weighty drij weight, moisture content, dry matter per square foot, and percentage of starch, reducmg sugars, and 
sucrose of leaves of Maryland Medium Broadleaf tobacco grown with and without rainfall or supplemental water, Upper Marlboro, Mei, 1939 



1 Corrected for sand and other siliceous soil material. 
- Time of flowering and topping. 
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! , FiGtTEE 5. — Tobacco grown (x4) under prevailing rainfall and (B) without rainfall 

! or supplementary water. Border plants were removed just prior to harvest. 

] The scaffolding shown was for the support of the canvas. Photographed 

August 26, 1936. 

leaching and reduce the yields and values; if the season were unusually 
dry, however, the results might approach those from area 1, whicii 
received no water from rainfall or irrigation. The liigiiest average 
value was obtained by the addition of supplemental water as required 
throughout the growing season (fig. 6, .A) ; the highest yield and the next 
highest value were obtained for tobacco from the plot where water 
was withheld late in the season. The control plot gave the next 
highest average yield and value. This was followed bv tliose of the 
plot which received water only late in the siaison. The lowc^st yields 
and values were obtained from area 1 from V’hicli watm* was withhelci 
during the entire growing period. These same i‘elations are evident 
in the average price per pound; the highest pric(‘ obtaiiuul was for the 
leaf from the irrigated plot. 

The stalk yields showed much the same , relations as the leaf 3 nelds, 
but the highest percentage of leaf was found with t lie lowest yields 
(treatments 1 and 4) and the lowest percentagx.^ of half was found with 
the highest yields (treatments 2 and 3). Although a huga* stalk is not 
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and consistent differences in yield and gross value per acre of tobacco. 
These differences were the result of variation in rainfall and additions 
of supplemental water to the field-grown crop. There necessarily' are 
variations in the results from year to year and between the two soils, 
but the yields and values obtained show somewhat the same relations 
each year. 

Possibly the most notable variations were shown by tobacco grown 
on the control plot under normal rainfall (fig. 5, A) ; sometimes the yield 
was as large and the value as great as for crops produced with addi- 
tional water. However, this is to be expected, since under ideal distri- 
bution of rainfall the results from the control treatment could even 
exceed those obtained from irrigation, as the excess water might cause 
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desirable^ it appears that with the present varieties the stal'k yield 
increased out of proportion to the leaf yields. 

The average value of the crop for the years covered by the test 
indicates that there is no great advantage in using supplemental water 
in addition to normal rainfall. It should be pointed out that the 
rainfall was usually adequate during the years covered by the test; 
however, if such a season as 1930 or 1943 had occurred, the results 
from irrigation would have been more striking. It seems to be clear 
that a higher quality product is consistently produced, as indicated 
by the average price per pound, by the use of irrigation as a supple- 
ment to natural rainfall. If economic conditions should change so 
that high-quality leaf would demand a greater premium, the use of 



Figure 6. — Tobacco grown (.4) with prevailing rainfall and supplementary water 
when required and {B) with the prevailing rainfall as the only source of water. 
Photographed August 26, 1936. 


irrigation might be more profitable. These relations are further 
brought out in table 15, in which percentage of leaf for each grade is 
shown. These grades do not represent equal samples, but they indi- 
cate quality relationships. The high percentage of dull, or tip, grade 
indicates immaturity of leaf (treatments 1 and 4), 

It is generally recognized by the trade that good fire-holding 
capacity is a prime requisite of Maryland tobacco. The high quality 
of the leaf produced as a result of irrigation is well illustrated by 
table 16, in which the fire-holding capacity is shown. The leaf pro- 
duced on the plot kept dry during the entire period showed a low 
fire-holding capacity, as did the leaf grown on the plot that got late 
irrigation. There was apparently some reduction in fire-holding 
capacity of the leaf produced on the area kept dry for only 2 t@^3 
weeks before harvest. Where supplemental water w;as added through- 
out the period of growth, the leaf showed the highest fire-holding 
capacity. As was to be expected, the leaf grown on the control area 




Both series: 



J Calculated from original data. 
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was erratic in fire-holding capacity from season to season, but on the 
awrage it approached that of the leaf grown on the area irrigated 

throughout the season. 

Table 1&.— Fire-holding capacity of leaf own with and mtM and 

supplemental water, Upper Marlboro, Md., 193Ji~o6 and 193b oJ 


Series and 
treatment 
No. 


Series A: 

1 

2 . - 

3... 

4. 

5 

Series B: 

1 

2 

3 

4 

5 

Both series: 

1 

2 

3 

4 

5 


Water treatment 


Precipitation 


Early 


Without 

With... 

do_- 

Without 

With... 

Without 

With... 

do-. 

Without 

With... 

Without 

With... 

do.. 

Without 

With... 


Late 


Without- 
With.... 
Without. 
With.... 
do... 

Without- 
With.... 
Without- 
With.... 
do... 

Without 
With... 
Without 
With... 
do.. 


Irrigation 


Early 


Without 

With... 

....do.. 

Without 

....do.. 

do.. 

With... 

do.. 

Without 
do.. 

do-- 

With... 

do.. 

Without 

....do.. 


Late 


Without 

With... 

Without 

With... 

Without 

....do.. 

With... 

Without 

IVith... 

Without 

do_- 

With... 

Without 

With... 

Without 


Average duration of glow 


Sec- 
onds 
3.8 
13.3 
33. 5 


6.9 

10.7 

48.1 


6.4 
12. 0 
40.8 


1935 

1936 

1938 

1939 

Aver- 
age 1 

Sec- 

Sec- 

Sec- 

Sec- 

Sec- 

onds 

onds 

onds 

onds 

onds 

4.7 

9.3 

3.5 

6.0 

5.9 

26.1 

37.4 

19.7 

11.0 

23. 6 

13.1 

28.8 

12,1 

7.1 

15. 3 

5.1 

8.0 

3.3 

5, 6 

5.5 

12. 5 

34.4 

24.6 

10. 6 

20. 5 

4.8 

6.8 

24.3 

5.6 

10. 4 

12. 6 

25.6 

67. 5 

15.7 

30.4 

28.4 1 

26.8 

55. 5 

9.8 

30. 1 

10.1 

6. 9 

37. 6 

7.2 

15.5 

7.4 

16. 6 

87.4 

5. 9 

29. 3 

4.8 

8. 1 

13. 9 

6.8 

8.2 

19. 4 

31. 5 

43. 6 

13. 4 

27. 0 

20.8 

27.8 

33. 8 

8.5 

22.7 

7.6 

7. 5 

20. 5 

6. 4 

10. 5 

10. 0 

25. 5 

56. 0 

8.3 

24. 9 


1 1934 results not included. 

DISCUSSION 

IL The studies to determine the effects of irrigation were carried out on 
typical tobacco soils of southern Maryland; the heavier soils oi this 
section were not represented . In other words, these tests were con- 
ducted on light soils that are subject to the leaching common under 
field -conditions. Heavy soils are generally poorl}^ suited to the pro- 
duction of Maryland tobacco and many other types because water- 
loo*ging sometimes occurs. Irrigation, or the use of supplemental 
water, on heavy soils it followed by heavy raintall might lesiilt in 
insufficient oxygen for proper root development; it might even cause 
destruction of the greater part of the functioning roots. The over- 
head irrigation system used in this experiment was preferred since it 
washes the leaves much as rainfall' does and is the desirablejnethod 
for use on light soils subject to leaching. ^ 

There is reason to believe that the leaf tobacco produced on the 
areas held dry for the entire period of groAvth was not the typical 
dry-season product, since it was grovm under very extreme conditions. 
In dry seasons soil is usually wet for a time and then is extremely 
dry for a period longer than the 2 to 3 weeks prior to harvest that 
certain areas in these experiments were kept dry. It is also true 
that atmospheric humidity above the dr}^ soil area was not reduced, 
whereas it would be reduced during a dry season. However, the 
addition of water late in the season to an area which had been held 
dry for 2 to 3 weeks before harvest resulted in the succulent immature 
or second growth which produced cured leaf of poor quality. 
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Anderson and his associates (i, 2, 3) recognized the effect of leaching 
where irrigation is practiced and used nitrates to offset it. It should 
be recognized that accurate control of supplies of nitrate as well as 
of all other nutrient relations is desirable, but such control is diffi- 
cult if not impossible to attain under field conditions. It is chiefly 
these relations that produce responses in any field study of irrigation 
effects on growth of tobacco. 

The effects of irrigation during the early part of the season or 
throughout it on weight per square foot of leaf area are consistent in 
that leaf produced on irrigated plots weighed less than that pro- 
duced on plots from which water was withheld. This would appear 
to indicate a lower density per unit area, as the leaves were definitely 
larger. The striking and consistent effect of irrigation in increasing 
the potash content of the leaf may be a partial explanation of the 
high quality of the product. Previous work {15) had shown a prod- 
uct of higher quality where liberal potash applications were made. 

The higher nicotine content of leaf produced under dry conditions 
would appear to contradict the results previously reported when 
tobacco was grown, for studies of nicotine production {1/f). The 
earlier tests demonstrated that irrigation generally increased the 
nicotine content, other factors being equal. However, it should be 
pointed out that the tests under discussion were conducted on soils 
of low fertility, particularly low in nitrogen, whereas the previous 
tests were conducted on highly fertile soil. 

The improvement in fire-holding capacity of the leaf associated 
with abundant moisture from rainfall and supplemental water through- 
out the growing period appears to be an established fact. Such 
leaves had a lower weight per unit area as well as a higher content 
of potash. 

SUMMARY 

Irrigation experiments with tobacco were carried out on liberally 
fertilized loamy sand and sandy loam, typical tobacco soils of south- 
ern Maryland. Precipitation was withheld by means of a movable 
canvas from one area and supplementary water was added when 
required to another area in an attempt to simulate dry- and wet- 
weather conditions simultaneously on adjacent areas. The treat- 
ments were continuous throughout the season on two areas and were 
reversed late in the season on two others. The responses in growth 
and composition of tobacco subjected to the four treatments were 
compared with those of tobacco subjected to the prevailing weather 
conclitions on a fifth area. 

A larger leaf with a lower weight per unit area was produced when 
irrigation was used as a supplement to rainfall during the early part 
of the season or throughout it. The leaf area per plant produced 
with irrigation was about 25 squai^e feet for the Maryland Broadleaf 
variety and 21 square feet for the Maryland Medium Broadleaf 
variety; these values were approximate^ double those for leaves 
produced where water was withheld during most of the growing period. 

The cured leaf from tobacco subjected to irrigation treatments 
absorbed a higher percentage of moisture when exposed in a constant- 
temperature and humidity room than did leaf grown under dry 
conditions. 
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The inost outstcanding differences in composition of leaf were the 
higher potash percentage in leaf from plants grown on irrigated areas 
and the higher nitrogen percentage in the leaf from plants grown nnclei 
dry conditions throughout the growth period or during early growth. 
The leaf produced under dry conditions during early growth or 
throughout the growing period was also definitely higher m mcotme; 
the nicotine content paralleled the higher nitrogen content, ine 
hic^hest percentage of ash was found in the leaf produced on areas to 
w&ch water w^as supplied during the last 2 to .3 weeks before harvest 
and the lowest ash in leaf produced on areas from which water was 
withheld for most of the growing period. 

The average yield, value, and price per pound of leaf tobacco were 
consistently in favor of using supplemental water wuth ramtall rather 
than withholduig both. The advantage from the use of supplemental 
w'ater, when compared with rainfall only, did not show up so decisivtd^ 
or so consistently, since during the period covered by this test the 
rainfall w'as generally almost adequate for normal growth. JNcver- 
theless on the average, there was a small increase m value when sup- 
plemental water was used during the early part of the growing ptuiod 
and throughout it. Withholding water during the early part or 
throughout the growing period resulted in a leaf of poor quality as- 
sociated with immaturity, as indicated by the high percentage of 

leaf in the dull, or tip, grade. • , ,i 

The fire-holding capacity of the leaf w^as strikingly and consistently 
improved by the use of supplemental water during early growdh in 
addition to rainfall. 
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EFFECT OF INITIAL ACIDITY ON CALCIUM AND MAG- 
NESIUM EEQUIEEMENTS of tobacco in ASEPTIC 
CULTUKE ' 


By Egbert A. Steinberg 


Fhf/siologist, Division of Tobacco^ Mediamal, and Special Crops, fiareau of Plaaf 
ln<Ui8trij, Soils, and Agricultural Engineering, Agricultural Rosonrch Admin- 
istration, United States Department of Agriculture 

INTRODUCTION 

A great deal of investigational Avork lias been done on tlie relation 
of aciclit}^ to tlie growth of plants. A summary by Russell ^ mentioned 
the fact that a slight degree of acidity is usually beneficial in solution 
culture. He continued with the statement: ^‘‘In soils, on the otlier 
hand, plants make their best growth in neutral or nearly neutral 
conditions.” Definite evidence is available, hoAvever, that this general- 
ization is too broad and that acidity may or may not be beneficial in 
either groAvth medium." A summary by Pettin^ir ^ seems to indicate 
that many soils suitable for good crop production are acid in char- 
acter. These writers emphasized not acidity in itself, but its influence 
on availability of nutrients. Similar evidence Avas presented by 
Albrecht and Scliroeder. ^ Arnon and J ohnson found in addition 
that an increase in calcium ions could compensate for decreased avail- 
ability^ of calcium due to excessive acidity. Acidity of the growth 
medium, therefore, wmuld seem to be only one of many factors influenc- 
ing availability, and not the all-important factor it Avas first considered. 

A brief study, therefore, has been made on the relation of acidity 
in the range pH 4 to 7 to the calcium and magnesium requirements 
of seedlings of Xanthi Turkish tobacco (Nicotiana tahacimi L.) in 
aseptic culture under controlled eiiA-ironmental conditions. The ab- 
sence of extraneous micro-organisms in such studies is not usually 
considered important, although no evidence for this assumption is 
known. The data obtained Avith increasing quantities of calcium and 
magnesium at sev^eral initial acidities of the nutrient solution are 
presented in the form of groAvth curves. 


^ Received for publication January 27, 1947. 
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^ PurTINGER, N. A. A USEFUL CHART FOR TEACHING THE RELATION OF SOIL REACTION 
TO THE AVAILABILITY OF PLANT NUTRIENTS TO CROPS. Va. Agr. Col. Ext. Bul. 136, 
19 pp., illus. 1935. 
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" Arnon, D. I., and Johnson, C. M. influence of hydrogen ion concentration 
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EXPERIMENTAL PROCEDURE 

Xanthi Turkish tobacco seedlin<rs were grown on 50 cc. of a mineral- 
salt solution in 200-cc. Pyrex Erlenmeyer flasks under aseptic con- 
ditions. The temperature used was 25° C., and light of about oCO 
foot-candles was furnished by 3,500° white fluorescent lamps. Ihe 

growth period was 28 days. . ^ nnr. n /xrm \ 

The mineral-salt solution consisted of watei-, 

4H..O, 1.444 gin.; Mg.(N0H)2.6H,0, 0.318 gm.; KJIPO^, 0 36(, gm.; 
Kl-iSO^, 0.085 gm. ; and NH,,C1, 0.072 gm. Separate stock solutions of 
(‘alciuni niti’ate, niBi’‘nesiiiiii nitrate, and potassiiini pliosphate plus 


mrying qua 

nlaced with IMd gm. of sodium nitrate (NaNO?.) and calcium was 
added as the chloride. Maoiiesium nitrate, similarly, was replaced 
with 0.211 gm. of sodium nitrate in the study of magnesium concentra- 
tions. The base solutiom therefore, contained nitrogen, 225 mg.;^ po- 
lassium, 189 mg.; phosphorus, 65 mg.; niagnesium, 30 mg.; calcium, 
245 mg. ; and sulfur, 20 mg. per liter. IMicromitrients, except for boron 
(.Ho.BOa) , were added to this solution as the clilorides. The quantities 
used were iron, 15 mg. ; zinc, 0.5 mg. : copper, 0.125 mg. : manganese. Id 
mg.; and boron, 0.5"mg. per liter. Acidity was adjusted with 0.1 JN 

hydrochloric acid. . t i 

^The composition of the mineral-salt solution was equivalent to that 
used by McMurtrey ^ iu solution-culture studies with tobacco. It 
differed only in that potassium was increased from 125 to 189 mg. per 
liter and iii that potassium nitrate, monopotassium phosphate, and 
magnesium sulfate were replaced with dipotassium pbospliate and 
potassium bisulfate, the other salts being readjiistedJn concentration. 

The cultures in the magnesium series contained 57.1 mg. of sodium 
ion per liter and those in the calcium series 281.1 mg. in addition to 
all the essential elements. Addition of hydrochloric acnd for pH 
adjustment totaled not more tlian 28 mg. of chloride ioii per liter, as 
compared with the 31 mg. oilginally |)resent as ammoiiiiiin ehloride. 
Use of the chlorides of magnesium and calcium furtlier increased the 
chloride-ion content by a maximum of 29.2 and 442.3 mg. per liter, 
respectively, depending on the particular conceiiti'atioii of iBagnesiiiin 
or calcium ion emploj^ed. 

The tobacco seeds were germinated in sterilize( 1 pHri dishes C( >nta i n- 
ing a layer of blotting paper and several layers of iiltta* paper. Sei*ds 
sterilized by immersion in 1:1,000 silver nitrate solution for 15 
minutes were washed several times with sterile distilhal water and then 
poured as a water suspension into the ptdri dislu^s. With a tlanaal 
platinum needle the seedlings were transferred to st(‘rih^ Er-l(ainu‘y(‘r 
flasks containing the nutrient medium and dc‘|)osited on a double 
layer of filter paper held in a plant holder. This holder consist(*d of a 
glass rocl 4 mm. in diameter which passed through the al)sorbent cot- 
ton ill the neck of the flask and had a glass ring fiistai ro its loiyer 
end. The filter-paper disks ivere lield in this ring by means of a 
loose inner glass ring as shown in figure 1. The edges of the pa|)er 

5McMtJBTEEY, J. E., Jr. distinctive effects, of the DKFIC’IEXCY of CEltTAlX 
KSSENTIAE ELEMENTS ON THE GROWTH OF TOBACCO PLANTS IN seLFTION CELTCKbiS. 

U. S. Dept. Agr. Tech. Bui, 340, 43 pp., illus. 1933. 
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Two of the four duplicate seedlings Avere weighed together as a unit 
in Sidi detSminaiiou. Statistical methods appear^l mapphcable. 
tiiiiee it was iiecessarv to reiect about 10 percent of the seedlings be- 
cause of contaminations with micro-organisms and unintentiona 
injuries during transfer to the flasks. Some injured seedlings did not 
grow out of the cotyledon stage. 

INFLUENCE OF .-VCIDITr ON CALCIUM REQUIREMENT 

The effects obtained by varying the calcium content on growth 

■ * iJr. Sefi ™ 

Sht? f Shi: d'h 

mixing the four residual solutions in each run and averaging the pH 
valuL in both runs. The averages found in this manner are not true 
pH values, but the deviations for the small variations encountered are 
probably well within those of expernnental error 

^ It will be observed that in the solution at pH 6.48 the calcium opU- 
mura for growth was about 100 mg. per liter and that residual acic ity 
of the solution increased with calcium content. 1 he increase in i^Mlity 
persisted even with decreasing yields. At an aciditv level of pH o.4b 
the o-rowth curve was much ffatter because of the slightlc inciea^ied 
yields at deficiency levels of 25 and 50 mg. of calcium per liter. A 
rontributing factor was_ a moderate decreap. ni maximiim yield. 
Acidities at harvest also increased at this initial pH, but less than a., 
pH 6.48. 

INFLUENCE OF ACIDITY ON MAGNESIUM REQUIREMENT 

The relation of magnesium requirements to acidity of the nutrient 
solution is sliown in figure 3. Determinations were made at threedeyels 
of initial aciditv— pH 5.96, 5.31. and 4.34. The number of repetitions 
and the method of averaging values were the same as those in the 
calcium series. At pH 5.96 the maximum yield ivas obtained with 6 mg. 
of magnesium per liter. Increasing acidity decreased in iximiim yields 
only slightly and did not alter the optimum luagnesiimi fomeiit ration. 
Increasing acidities also caused slight decrease's in v’eld with sub- 
optimum concentrations of magnesium. At harvest aciditu^^ were in 
all cases approximately the same aiid were influenced but little by tlie 
initial acidity of the nutrient solution. 


DISCUSSION 

Adjustments in hydrogen-ion concentration and magnesium or cal- 
cium content of the nutrient solution are of course not teasibli' y ^h" 
out alterations in other constituents. Moreover, it snenuHl advisable 
in these experiments under aseptic conditions to follow lh(‘ usual 
procedure of using sodium and chloride ions, that is, sodium nitrate, 
hydrochloric acid, and the chlorides of magnesium and calcium, i he 
basis for this procedure is the apparent nonesseutiality of sodium and 
chlorine for growth of green plants. hTevertheless, sodium and chlo- 
ride ions cannot be assumed a priori to be witliout intlmnce on growth. 
Similar series employing fluctuations in essential ions miglii txhn be 
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Figitre 2. — Average acidities of solutions at harvest and average weiglits of 
XauthTTiirkisli tol)accH3 seedlings grown for 28 days with continuous illumina- 
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desirable for comparison, though it would be necessary to use initial 
exca^sses in order to avoid ^ ^ 

The degree of infliience of sodium and cliloride ions in the calciuin 
and rnagnesium series is indicated in several wa}'s by the experiment al 
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with those of niagnesiiim and calcium, the depressions in yw.ld at liigli 
iiutrieiit levels were greatest in the inagrieBiiim seiles containing only 
one-fifth the chloride content. Furthermore, no symptoms of injiiry 
attributable to sodium or chlorine could be detected in eitliei* series. 

The efFects of increasing acidities on requirements of Xaiithi Tiirk- 
isli tobacco seedlings were not entirely unifoi'm for calcium and mag- 
nesium. With magnesium maximum 3deld decreased with increasing 
acidities witliin p initial range of pH 5.96 to f.Sf. Since the optimuin 
concentration of magnesiiun for growth remained unaltered, the mag- 
nesium requirement was thereby^ncreased slightly. Increasing acid- 
ity also decreased maximum Aueld with, calciuin concentrations and 
so also increased the calcium requirement for growth. Increased acid- 
ity, however, increased yields at suboptimum concentrations of cal- 
cium and tlius brouglit about a relative decrease in calcium require- 
ments at intermediate acidity levels in the more acid series. At an 
initial acidity of pH 6.48, for example, yields with 25, 50, 75, and 100 
mg. of calcium per liter were 49.6, 52.8, 56.4, and 61.2 ing., respectively ; 
whereas the corresponding yields for an initial acidity of pH 5.98 
were 51.3, 54.4, 54.5, and 56.3 mg. There was also a slight increase in 
absolute values for yields in the more acid series at subo])tiinum levels 
as compared with the less acid series. Furthermore, it should be noted 
that maxiniiiin yield was attained with 75 mg. of calcium with, an ini- 
tial pH of 5.98, whei'eas 100 mg. of calcium was recpiired at pH 6.48. 

These data cannot, however, be considered as proof that growth 
responses to calcium and magnesium display an intrinsic qualitative 
diffe,i‘eiice. The i*anges used v ere not identical ; that for magnesium 
extended from 0 to 166.67 percent of the optimum, whereas that for 
calcium was 0 to 250 percent of the optimum. Moreover, it is not cer- 
tain but that tlie concentrations of other macronutrients and of the 
inicroiiiitiieiits used in the nutrient solution form the basis for these 
qualitative differences. 

These data seem to indicate that acidity is not necessarily beneficial 
in a solution culture but that its action is dependent on the composition 
of the nutrient solution. Maximum ^fields were obtainable without 
resorting to an increased acidity to increase availability of nutrient 
ions. On the other hand, if a stock solution of much lower calcium 
content had been used, it is evident that increased acidity would have 
proved beneficial in the calcium series and perhaps also in the mag- 
nesiiim series. These statements might be summarized by stating that 
acidity" may" prove liarmful to growdh if all nutrient ions are present 
in ample quantity", but beneficial if there is a deficiency of calcium and 
perhaps of other elements. 


SUMMARY 

Xanthi Turkish tobacco seedlings were grown aseptically on 50 cc. 
of a mineral-salt solution in 200-cc. Erlenmeyer flasks at 25° C. with 
500 foot-candles of white fluorescent illumination. The calcium 
and magnesium optima for growth were determined at several levels of 
initial acidity w"ithin the range pH 4 to 7 (adjusted w"ith hydrochloric 
acid). Increased acidity brought about increased calcium and mag- 
•nesium (as chlorides) requirements by decreasing growth with identi- 
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f'll suddIv of these elements. Growth decreases were greater with 
increaLdlcidity in the calcium series 

Mnreover although the concentration-yield cini'es loi ma^s^nesium 

remained ’practically unaltered in form That S’ the 

‘iTvilncroiis calcium curves tended to become btiaignt. ijiat ^ 

(ypHrmim for magnesium remained unaltered whereas that lor calciiini 
dSlSS with aridity. The residual solutions at harvest were usimlh 

sli.rhtly more acid thL the unused nutrient solutions and were rathei 
uiuform in acidity under varying conditions. 
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POPULATION DISTRIBUTION OF THE BEET LEAFHOP- 
PER IN RELATION TO EXPERIMENTAL FIELD-PLOT 
LAY-OUT 1 


By Myees F. Bowen ■ 

Foriiierly junior entouiofoijist, Bureau of Entomolo(ju and riant Quaranfinr, A(/rB 
eulfural Research AdnnnistriMlon^ United States Department of Af/rieultarc 


INTRODUCTION 


111 field experiments to determine the relative merits of different in- 
secti(-i(ks or other treatments for controlling insect infestations, ex- 
perimental designs sncli as the randomized block and the Latin square 
are f recpiently used. Sucli designs reduce the error of the experiment 
l)y resti-icting each comparison of unlilxe treatments to a limited pait 
of tlie ex|)eriniental field, tlius giving treatment comparisons that are 
in a measure independent of location dift'erences in the degree of in- 
festation. 

Tliese designs are also well adapted to analysis of variance (lO)J' 
By this method of analysis the error reduction acliieved l)y the design 
of the ex])eriment may be evaluated and removed from tlie estimate 
of ex|)eriinental erroi’, tliiis increasing the precision with, which the 
eff'ects of treatment may be measiiied. Restricted designs are there- 
foi’e justified on the genei‘al assumption that their use, together witli 
the ])ropei* method of analysis, will significantly reduce the error vari- 
ance, and thereby increase the efficiency of the experiment. 

The nature of the distribution of the beet leafhopper {Eutettiw 
teneMus (Baker) ) in a iiarticular field of sugar beets was studied on 
different dates, and with the data obtained from sampling beet-field 
populations, the relation between experimental design and the dis- 
tribution of insect populations wus determined. 

MATEIilALS AND METHODS 

In May 1937 a field approximately 4^/2 hcit-s in area near Grand 
Junctioin Colo., planted with IT. S. No. 34 sugar beets (Beta vulgaris 
L.) resistant to curly top was selected for the experiment. The field 
was divicled into 36 equal-sized plots to form a 6X6 Latin square 
(fig. 1). 

Each plot was 91 feet long and 60 feet (36 rows) wide, the rows 
being spaced 2() inches apart. The area of a plot was thus about % 


^ Received for publication April 28, 1947. 

-The aiitbor is indebted to W. C. Cook for suggestions and encouragement in 
tbe preparation of this manuscript, and to Myron E. Hall, wbo assisted in obtain- 
ing the field samples 

•* Italic numbers in parentheses refer to Literature Cited, p. 2i7. 
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Figuke l.-Diagram of experimental flelcl 
leafhoppers found on 10 beets in each plot on Maj -0 (uppti ii.,ui . ; , 

(middle figure) ; and August 20-27 (lower hgine). 

acre. At the time of thinning, the beets were spaced 10 inches apait 

“'QlmitoSJ of tlK. W, leafl.opper 

tained with a square-foot sampling cage essentiall} ^ 

described bv Hills {U). The firet se^ries of 
field on Mav 20, 1937, shortly after the second niliix of 
leafhoppers* into the Grand Valley fields, and about the time Oie 
infestation was at its peak._ The field 

when the migrant populations xvere on the decline, and a^aii 
limust 26-27" after there had been brood devekipnient within the 
field. Ten square-foot cage samples were taken at 
plot on each date, or a total of 360 sainples for the held. Ihe adult 
leafhoppers were counted and recorded. 

^ ^^rnnles were chosen by moving about the plot with tlie head and eyes down. 
stoiSnf at irreguM and at each stop selcctiufi .im leaf lumpers from 

the Sxti beet along the row from the beet nearest the toe ot the rigid loot. 
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Tlie data obtained at each sampling were fitted to various theoretical 
distributions and tested by y-. 

A study of the plot variation and the effect of local control in re- 
ducing experimental error was made by the method of analysis of 
variance. All of these analyses are on a single-sample basis. 


N.VTUKI0 ( »F THE niSTIilBUTION <)H’ BEET 


IJOAEirOlT’ER B()[>TIL.\'rK )NS 


EARLY SEASON MIGRANT POPULATION 

The natui'e of tlie sampling data suggests a discontinuous distribu- 
tion such as is described by a Pois.son series, a negative binominal {11, 
11, 'M), 01 - Neyman’s {16) contagious distribution, wliich has been 
tested for ajiplicability to the field distribution of larval insects by 
Beall (-5). Comparisons of the observed and the theoretical Poisson 
frequency distributions for the first two sampling dates are given in 
table 1. Tlie y- value iu each case denotes a favorable agreement be- 


''r.MiPM 1. — DiBt ri hntioN of field ,sHoii)les eJoBsificd oeeto'd hit/ lo the iri/iNhcr of 
beef leafhopperB on a beet, J9d7 

( Kit •Poisson (livstriiiutions and test of jitiotlness of fit] 



May 20 

June 4 

In festal ion class 

Frequency 


^ Fretjuency 



Oliserved 1 

Calculated 

X' 

Ol)Served 

Calculated 

X- 

0 

174 

161.30 

0. 9999 

263 

200. 83 

0. 0180 

1 

112 

129. 48 

2, 3598 

81 

13 

84. 04 

. 1100 

] 

2 - 

54 

51. 97 

. 0793 

1 

13. 54 

a.., 

14 

13. 91 

f 3 

1.45 

i .0500 

4 

4 

2.79 


0 

.12 

5. 

1 

.45 

1 

j 0 

.02 

J 

t) _ 

1 

.00 



7+ . 

0 

.04 

'J 

1 








Total 

300 

360. 00 

3. 8774 

300 

360. 00 

.1780 






Di'gi’fu's; of fr’tu'dorn . 



2 



1 

I'\2 



.15 



.68 









tween the observed and the calculated values, and leads to the con- 
clusion that at the time of the spring movement into the beet fields the 
distribution of the leafhopper is essentially in accordance with the 
Poisson law. This conclusion is supported by data given by Bowen “ 
and by the analyses of an abundance of sampling data (unpublished) 
obtained in different years by different observers iii the sugar beet 
areas in Idaho, western Colorado, Utah, and California. 

The data in table 1 also agree closely with the negative binomial 
and the contagious distributions. Theoretical values for these dis- 
tributions, however, are not included in table 1 for the reason that 
anv sample di.stribution that fits the Poisson must also fit the negative 
binomial and the contagious. In practice the fit to the latter two 
usually will be closer than to the Poisson, because for these distribu- 


® Bowen, M. F. a method of estimating bep:t leafhopper, populations from 
THE PROPORTION OF TJNiNFESTED PLANTS. tJ. S. Bureati Ell t. and plant Quar. Cir. 
ET-225, 6 pp.; illns. 1945. [Processed.] 
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+ i,vn^ the observe(l data are forced to agree with theory in the total, 
^rmean, and the variance, whereas for the Poisson, agreement is 

fnrv'prl in oiilv the total and the mean. ^ , * 14 : 

The wiSw Uong the plot totals (%■ 1) may be examined for 
o-eneral conforiiiitY to that of a Poisson distribution by the foimuhi 
oiveu by Fisher {10) and Rider {17), 

^ ■ 'Z{x-x)- 


x^=- 


SO calculated for the 36 plots on May 20 is 59.164, which for oa 
decrees of freedom, corresponds to a projiabihty near the 1 -perceid 
pomt “ This test therefore indicates a real tendency toward excessive 
vSbility in the data. A large contribution to is supplied by the 
one plot in which a total of 18 leaf hoppers was recorded. If tips plot 
is omitted from the calculations, the variance is not excessive, x' 
then equals 46.785, which for 34 degrees of freedom corresponds to a 
probalnlitv of 0.14, approximately. The analysis of variance of the 
V icre plots (table 4) . which denotes a difference between plots barely 
exceeding tile 5 -percent level of significance, also suggests^ a greater 
variabilitv among tbe plot ineams than would be expected if the dis- 
tribution of the leafhopper were piirelv randoni. Bliss (^.), m an 
analysis of data obtained by Fleming and Baker on the distribu- 
tion of Japanese beetle larvae, shows a highly signincaiit variiition 
between plots over an apparently uniform sectioii as small as lb X 
feet (0 008 acre). This condition, observed by Bliss, is more con- 
clusive than appears for the migrant beet leafhopper population here 
considered, notwithstanding that the experimental area studied was 
very much larger ( 4.5 acres) in the case of the leafhoppei. 

Idle preceding discussion indicates that there is a tendency lor 
the migrant population of May 20 to depart from a Poisson distribu- 
tion. This tendency is toward an excess of high and low counts simi- 
lar to that observed much more distinctly in the resident population 
of August 26—27, which will be discussed later. ^ e • 

It is reasonable to expect that the true distribution of inigimit 
populations of the beet leafhopper will depart from a Poisson series, 
because of the many factors both physical and biological that may 
operate to destroy a perfectly independent distribution of the insect. 
Air currents or a "preference by the leafluypper for certain plots within 
the field might have caused an uneven distribution of the population 
on May 20, If this were so, it seems logical to assume that the plot 
differences would persist during the short period from Mav 20 to 
June 4, and that a positive correlation would exist between the plot 
counts made on these tAvo dates. A (uirsory exainination of the plot 
totals in figure 1 indicates that no such relationshij) exists. Actually 
the correlation coefficient is negatiA^e; for the :>(> pairs of counts = 
■“0.16, a nonsignificant A^aliie, indicating the absence of any relation- 
ship between the plot totals of the first tAAX) sampling dates.^ Ihis ab- 
sence of a significant correlation suggests that the c()mparatiA’'ely large 
number of leafhoppers taken in some of tlie plots on May 20 might 
haA^e resulted from chance Auiriatious of sampling I'ather tlian from 
a real pi'efei'ence by tlie insect for certain |)ai*ts of the field, or from 


'^ For degrees of freedom exceeding 30 the expression V2x‘“ 
to be a normal deviate with unit standard error. 


-y2/7 — i is assumed 
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tile effects of pliysical factors, such as air currents, that may liave 
deposited more leafhoppers in some locations Hum in others.' 

1 he sample distribution of June 4 shows a closer affreemeut with 
the Poisson law than does that of Mav 20, but from the'^data available 
it cannot be deterimned whether this agreement is in fact better. The 
principal evidence derived from a study of both distributions indicates 
that the agreement with the Poisson hiw is essentially satisfactory. 

Ihe natural inortality of migrant beet leafhoppers is liigh. For 
this reason a decrease in migrant populations always occurs after the 
spring movement into the fields has ceased, or when this movement 
IS not sufficient to offset the natural mortality in the population already 
present. Tlius, in tlie field here considered, the leafhopper population 
decreased from a mean of 0.803 per beet on May 20 to 0.322 per beet 
on June 4. The fact that on both dates the distribution was essen- 
tially^ ill accordance with the Poisson law denotes that the factors 
affecting mortality of the beet leafhopper acted imiformlv in the dif- 
ferent plots. 

LATER SEASON RESIDENT POPULATION 

All attempt to fit the data of xliigust 26-27 to a Poisson series was 
not successful. This is illustrated by comparing tlie observed with 
the calculated Poisson law values given in table 2, and by the cor- 
responding grapli in figure 2. In the same table and figure the later 
seasoii dafa are also fitted to the negative binomial and tlie contagious 
disti‘ibutions. 



Figure 2.— Observed and theoretical Poisson, contagious, and negative binomial 
freciuency distributions of the number of beet leafhoppers per beet in the field 
samples of August 26-27, 1937. Data from table 2. 
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T .un.K 2^imira>nUon of SOO fieU -nrRrs Mm 

hoet leufhopper.f on a beet, Anpioit. 2i>-.. / , JJS / 

(Fitted Poisson, contagious, and negative binomial distributions, and tost of goodness ot tit] 


“ 

Frequency 

Infestation class 


Calculated 

Ob- 

served 

Poisson 

Con- 

tagious 

Bi- 

nomial 


2 

0.13 

1. 06 

4. 19 
11.02 

j 2. 68 

1 1. 62 1 

/ 6. 25 J 

13.66 . 


8 

> 7. 46 

14. 26 


14 


19 




28 

21. 75 

28. 72 



41 

34. 33 
45. 15 

33. ^8 



30 




38 

50. 90 

36. 63 



39 

50. 21 

34. 65 


<)_ 

32 

44. 03 

(ii* 13 


-jO 

30 

34. i 5 



11 

18 

24. 93 

22. 04 
17. 53 


12 

15 

16. 39 


13 

14 

9. 95 

13. 50 


14 

15 _ _ - 

8 

6 

5. 61 

2. 95 

10. 08 
7.33 
5. 20 
3. 60 
2.44 ' 
1.62 

' 1.06 

7.08 

K 1 A 

Ifl 

6 

1.46 

D, iU 

V O A 1 ‘ 

17 

4 

.68 

o. Dl 

O PIO 

’S 

1 

.30 

Dm 

1 7*5 

‘>0 

3 

1 

.12 
, 05 

1. M 

1. 17 

) 

21 

2 

.02 

. 68 
.43 

• iV 

22 

OO 

1 

0 

.01 

• Dm 

.34 

24+ 

0 

.01 

.22 

. 62 

Total - 

360 

360. 00 

360 00 

360. 00 

Degrees of freedom 

Px2- - - 







Poi.sson 


64. 4432 


5. 7786 
1. 7960 

1. 2959 
5. 0836 
3. 2694 

2. 5028 

3. 2869 
. 6493 

1.9264 
. 1179 
1.6485 
1. 0182 


) 60. 4571 


153. 2738 
12 

<.001 


Con- 

tagious 


0. 0019 

. 0047 
. 3548 
. 0180 

1. 5432 
1. 1446 

. 0512 
. 5461 
. 0243 
. 4026 
. 7405 
. 3651 
. 0185 
.4292 
. 2413 
. 1231 


Bi- 

nomial 


0. 5765 

. 0085 
. 4720 
.1308 
. 8825 
1.6318 
. 0078 
. 5018 
. 0508 
,6154 
. 4830 
. 1828 
.0992 
. 2821 
. 1647 
. 1588 


6. 3875 
14 

. 954 


6. 2919 
14 

. 957 


The data show a highly significant departure from the Poisson 
distribution, while the agreement with negative binoniial m 
the contagious distribution is satisfactory. In fact the x 
in the case of these two distributions indicates an even closer agi'^e- 
nient between the observed and the calculated values than usually 
appears for random samples from a homogeneous population, x" 
values as small as those obtained for the negative binomial and the 
contagious would appear usually only about once in 2o trials amt 
once in 22 trials respectively. However, such small values migiu 
credibly result from chance, and the fit to these distributions is tlieie- 

fore regarded as being not unrea.sonably close. 

It is wortliy of note that for this particular sample thiii allies 
calculated for the negative binomial and the contagious distrilmtioiis 
are remarkably similar. Some of Beall’s (.5) data likewise have beeii 
found to show satisfactory agreements with both the contagious and 

the negative binomial. . , , 

The contagious and the negative binomial distributions niav be re- 
o-arded as generalizations of the Poisson law for cases in which the vari- 
ability is excessive as compared to the expectations of a Poisson series. 
Both of these distributions are characterized by an excess of lugli 
and low counts, and both approach the Poisson as the mean and the 
variance approach equality. The contagious distribution, however, is 
more flexible than the negative binomial and may sometimes be bi- 
modal, whereas the negative binomial is never bimodal. 1 he negative 
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biiioniial is miicli easier to calculate tluin the contagious especially 
when the niiniber of i nf estatiou classes i s large. 

In fitting tlie observed distributions to a negative binoinial {q-p)'^"\ 
the values of p^ and 7/. were derived by calculation from tlie empirical 
data following the method given by Fry {18), i. e., p=^l — V/x, 
n=x/p\ where F is the variance of the distribution 
and a? is the mean infestation per plant. Obviously, tlie binomial will 
be negative or positive respectively as the variance is greater or less than 
the mean. In some samples of migrant beet leafhopper populations, 
positive binomials ( F<«) have appeared, but in such samples p did 
not differ significantly from zero (fl2) and the data, therefore, were 
considered to be in essential agreement witli the Poisson law. 

In practice, departures from the Poisson will usually be such as 
to make V greater than w, although under certain conditions, such as 
veiy dense insect populations where there is overcrowding and compe- 
tition for the available space, a distribution more uniform than the 
Poisson might result. “Student” (fdJ) lias studied tlie effect of de- 
partures from the conditions that lead to Poissoirs law, and has indi- 
cated tlie conditions in which data may be expected to confoi'm more 
closely to a negative binomial than to a Poisson series. 

The contagious distribution ‘ wars fitted by using the recurrent 
forinula given by Neyinan (lo) and Beall (8), 

!L 

1 = 7 1 

t = 0 

where the initial value, 

The parameters mi and m2 o:^the above formulae are estimated from 
the mean and the variance as x-/{V-x) and {V~x)/x, respectively. 

Later season populations of the beet leafhopper do not agree with 
Poisson expectations, probably because field conditions at this time 
do not favor an independent random distribution. Individual plants 
or certain locations within the field may be more attractive to, or favor 
a, more rapid development of, the insect than others, whicli condition 
wumld upset an independent random distribution and cause the excesses 
in the small and the large frequency classes (see table 2 and fig. 2) that 
usually liave been observed in distributions that departed from a 
Poisson series. Part of the contagiousness observed in tlie resident 
beet leafhopper population may be attributed to a random dispersion 
of adults which developed from groups of eggs deposited by tlie spring 
migrants. It is doubtful, however, whether this is the primary cause 
of contagiousness in the field distribution of an' insect as active as the 
beet leafhopper. 

The variation in the leafhopper population on August 26-27 cannot 
be explained by differences in the initial infestation, which, as the 
analyses of the migrant populations have shown, was essentially imi- 
forni. Correlation analyses support this view. The correlation 
coefficient between the plot totals of May 20 and those of August 26-2 < 


’ Contagious distribution of type A depending on two parameters. Bee Neyman 
15, Pi'>. "ia~4S). 
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was +0.025S, ajid between tlie plot totals of June 4 and those of August 
26-27 it was +0.0260. Both coiTelation coefficients are nonsignificant, 
an indication of tlie absence of relationsliip between the initiai infesta- 
tions and the po])nlations that subsequently developed in the different 
plots within the field. 

Data obtained from a field of sugar beets at the Asarco farm, Magna, 
Utah, in the summer of 1932 illustrate this point. Samples taken m 
this field on June 20 and 28 showed satisfactory agreement with the 
Poisson law, and denoted that early in the season the distribution of 
the leafhopper was quite uniform. Later, however, distinct popula- 
tions developed in sections of the field characterized by beets of differ- 
ent growth types. This was shown by sampling data taken at weekly 
intervals from August 6 to 25, inclusive. These data, summarized in 
table 3, consistently show a significant inverse relationship between the 

Table 3. — Beet leafhopper populatiojis on beets of different groicth type in field 
at the Asarco farm, Magna, Utah, 19S2 


Date 

Leafhopper population per beet * ^ 

DilTerence between means 

Large beets 
(Ml) 

Medium 
large beets 
(M2) 

Small wilted 
beets (Afs) 

Mi-Mi 

Mz-Mo 

Mi-Mi 

Aug. 0 

11 

18 

‘2r» 

1 1.44±0.21 
L92± .20 
2.52± .33 
3.28d= .33 

3. 60±0. 44 
4.20=t: .44 
C.52=t ,70 
0) 

8. 48db0. 88 
15. 44=fcl. 53 
23. 32±2. 13 
31. 32dr2. 75 

7. 04±0. 90 i 
13.52±1.5.5 
20. S0±2. 10 
28. 04=fc2. 77 

4.88±0.98 
11. 24±1. 59 
lG.80d=2. 24 

2. 16±0. 49 
2.28=b .51 
4.00=1= .77 





1 Each mean based on counts from 25 beets. 

2 Eain prevented sampling. 


density of the leafhopper poi^ulatioii and the size of the beets. It is 
not definitely known just what environmental factors operated to pro- 
duce the disparate populations on the different-sized beets, but it seems 
logical to believe that the higher temperatures associated with the 
small wilted beets favored the jDi'odiiction of large leaflioppei* popula- 
tions. 

In this connection it might be noted that soil heterogeneity may 
greatly influence the distribution of insect populations indirectly 
tlirougli its action on the plants upon wliich the insect lives. 

VARIATION BETWEEN PLOTS AND WITHIN PLOTS 
BARJjY season migrant POITJLATION 

The population data for the 36 plots may be ccimbined to form 
plots of various sizes and shapes. Twelve size-sliape combiiiations 
were studied; these are illustrated in figure 3. Tlie variances witliin 
and between plots for the data collected on May 20 were computed 
for each arrangement and are given in table 4. 

These analyses were made to determine the effect of plot size on the 
within-plot variation, which is a measure of the sampling error, and to 
test whether population heterogeneity was a significant factor affect- 
ing leafhopper numbers in the different plots. There is a tendency 
for the within-plot variance to increase as tlie subplots become larger, 
but the effect is small, and the chief evidence is that altering the size 
or shape of the plot did not materially influence the sampling error. 
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Table 4. — Analysis of variance of Mfferent-sima subplots for field samples of 

iMay 20,1937 


shape and size of plots 

Varianee i 


LengthXwidth 

Area 

Between 

plots 

Within 

plots 

F 

91X60 

Feet 

Acres 

Vs 

H 

H 

1.357 (35) 
1.191 (17) 

1 *^67 (17) 



182X60 ^ 

t /* i 


91X120... 


1 

273X60 : 

‘V 

1.’027 (11) 
1.548 (11) 
1.445 (11) 
1.015 (8) 
.263 (5) 

1. 203 (5) 

1. 218 (3) 
.025 (1) 
.225 (1) 


91X180 



1 . (jt> 

(ii) 

% 


1 . Oo 

1 *52 

i82X120 

Vi 

¥4 

H 

Ws 

2H 

234 

map; 


273X120 

. t/vK) vOuJ ) 

. 976 {;h54) 

.V 

182X180 

QAQ 

or 

273X180 

• i/UO v.O<.)4:y 

.964 (356) 
.969 (358) 
.969 (358) 

1 * 2o 

I 1 26 

546X180 

38. 7b 

273 X360 



■i . O i 


1 Niinibers in Darenthoses denote degrees of freedom. 
182X >0+91X60. 





laGURE 3. — Some of the various sizes and shapes of plots obtained by different 
combinations of the original 36 plots. 

Tile significance of tlie difference between plots was detennined by 
tlie F test (19), The between-plot variance is barely significant for 
the %-acre plots, but in no other instance does the observed value of 
F exceed tliat required at the 5-percent level of significance. The vari- 
at ion between plots was not significantly greater than that within plots, 
an indication that for the migrant population of May 20 population 
lieterogeneity was not a significant factor affecting the infestation in 
the difi'e rent' plots. This shows a remarkable degree of uniformity in 
tlie leafliopper infestation at this particular time, and corroborates the 
findings of table 1 which indicate a Poisson distribution. 

700974—47 2 
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Tlie data of June 4 show essentially the same condition as tliose 
of May 20, and tlierefore are not considered in detail. 

LATER SEASON RESIDENT POPULATION 

The population of August 26-27, which resulted largely from the 
reproductive activity of leafhoppers that migrated into the field prior 
to June 1, contrasts with the population of May 20. The analyses of 
variance between plots and within plots for the different arrangements 
on August 26-27 appear in table 5, The observed value of F for each 


Table n.— Analysis of variance of dilferent-sizeil subplots for field samples of 

Aufiust 26-27, 1937 


Shape and size of plots 

Variance i 


Length Xwidth (feet) 

Area 

Between 

plots 

Within plots 

F 

91X(>0 

Acres 

55. 17(35) 

11.96 (324) 

4.61 

182X60 - 

H 

100. 32(17) 

11.99 (342) 

8. 37 

Q ! V19n _ 

H 

75. 86(17) 

13.20 (342) 

5. 75 

273X60. 

91 V 180 . 


% 

113. 82(11) 
72. 27(11) 

13.08 (348) 
14,40 (348) 

8. 70 
5.02 

(2) ..... 

H 

108. 93(11) 

13.24 (348) 

8. 23 

i82X120 . 

14 

148.12 (8) 

13.32 (351) 

11. 12 

273X120 - 

H 

180.69 (5) 

13.84 (354) 

13.06 

182X180 - 

H 

129.32 (5) 

i 14. 57 (354) 

8. 88 

273X180 

IH 

179.94 (3) 

14.79 (356) 

12. 17 

546X180 

2 H 

97.14 (1) 

15. 94 (358) 

6. 09 

273X360 - 

2M 

442. 22 (1) 

14.98 (358) 

29, 52 


3 Numbers in parentheses denote degrees of freedom, 
a Irregular, 182X()()+91X60. 


comparison except one (546 X 180) exceeds the value required at the 1- 
percent level of significance, which indicates a highly significant differ- 
ence between ploFs, or a marked degree of heterogeneity in the field 
infestation at this time. There was an appreciable reduction in tlie 
sampling error witli decreased plot size. Apparently the distiabiition 
of the leafhopper at this time was such that for plots of the same size 
the sampling error is smaller in the long narrow plots than in the short 
wide ones. 


EFFICIENCY OF LOCAL CONTROL IN REDUCING EXPERIMENTAL 

ERROR 

In field-plot experiments involving difi'erent treatments tlie estimate 
of the error in the experiment is derived from tlie variation iietween 
plots. To illustrate, the total sum of squares between ])lots in a Latin- 
square arrangement may be apportioned to the known and controlled 
causes of variation, i. e., i-ows, columns, and treatments, tlie residual 
sum of squares being due to unknown causes, or experimental error. 
The variance due to any cause is tlien determined by dividing tlie 
sum of squares by the corresponding number of degrees of freedom. 

Table 6 gives a summary of the betweeu-plot analyses of variance 
of the different-sized plots for the sampling thita of the migrant leaf- 
hopper population of May 20. Table 7 gives a similar summary for the 
sampling data of the later season population of August 26-2t. 


1 ABLE 6. Summary oj hetween-plot analyses of variative for plots of differcni sizes and shapes and the efficiency of local control in reducing experi- 
mental error for data of May 20, 1987 
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Iable 7. Summary of betivee?i-plot analysis of variance for plots of different sizes and shapes and the efficiency of local control in reducing 

experimental error for data of August 26-27, 1937 
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Iiiasrnncli as the effect of local control is tlie primary concern of 
this study, the variances due to rows and columns are of chief impor- 
tance. No treatments were applied, and the experiment may be re- 
garded as a uniformity trial. Therefore, the treatinent effects are 
purely lipothetical and are presented in these tables onlv to show the 
adequacy of the experimental design. It will be noted that seldom 
is there indicated a significant treatment response. Occasional signifi- 
cant deviations can be expected in a large series of samples even when 
drawn from homogeneous material. Where only a few large plots 
are concerned, the treatment effects might be confounded with loca- 
tion differences arising from an unfortunate chance assignment of tlie 
t reatnients to the various plots. Such must be the explanation of the 
statistically significant treatment effect indicated in line 15 of table 
(), and again in the last line of table 7, where there appears to be a 
significant negative intraclass correlation. Since the treatments were 
hypotlietical the appropriate estimate of experimental error, by which 
to judge the effects of local control, is obtained by adding the sums of 
squares foi‘ treatment and error and dividing by the combined degrees 
of f reedom. This figure is given in the column headed “Treatment -f 
error.'' 

The effect of local control is measured by the percentage change in the 
eri’or variance due to the removal of the contributions of rows and/or 
coliunns (blocks) from the total variance. 

EAKIW SEASON MIGRANT POPULATION 

Early in the season a field of sugar beets offers an apparently uni- 
form environment. The beets are small and the effect of soil hetero- 
geneity lias not yet greatly differentiated them. Previous analyses, 
given in tables 1 and 4, denoted that on May 20 the leaf hopper infesta- 
tion over the experimental field was essentially uniform, and, there- 
fore, the usefulness of local control when applied to it was highly 
questionable. 

Table 6 shows tliat restricted designs resulted in an increase in the 
estimate of experimental error in 12 of the 18 arrangements. In those 
an angements where a decrease is indicated, the utility of local control 
IS doubtful, because the variation between blocks usually is not signifi- 
cant and may have resulted from chance. The^ negative value of re- 
striction, wlien applied to the migrant beet leafhopper population of 
May 20, is further emphasized by the fact that the nonsignificant 
change in the error variance is accompanied by a reduction in the 
degree of freedom available for the estimate of experimental error. 
In this connection it should be noted that there was a 66.89 percent 
increase in tlie error variance due to the removal of the columns com- 
ponent in tlie 2X6 randomized blocks design (table 6) . The variance 
of 1.027 is increased by this arrangement to 1.714, and in the process 
5 degrees of freedom corresponding to blocks were sacrificed. Clearly 
the design was very unsuitable. 

Although the between-plot analyses for the various arrangements 
indicate little or no significant effect clue to local differences in the leaf- 
hopper infestation, it is interesting to compare the row and column 
variances for plots of the same size and shape. In every arrangement 
the variation between columns is smaller than that between rows, a 
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more uniform 


distribution of the leafliopper in one 


laeo « ‘i iT tUoii in +lip other Sucli a distribution would be 

direction of the held species moving from 

likely to develop from an nflux ^ * ;\;^";^‘;S“i;feLation beingheavi- 

LrortheSeldjlVent to the source and gradually diminishing to- 

Theteef leShopper is not a weak flier. Agricultural areas may be 
by dispe»als of 

SSjin”! iTst/brliiilUi— s (i) l..ve sbown .bat 

In iiio southern Idaho large numbers m^ be found as 

liioh as 05 ^feet at least, and it is not unlikely that rnuch gioafei alt i- 

;;Ss co7f,i. b’ci. of pft 

leafhomier tend to favor a uniform n^festation at the tune oi iiispe 
sal Over laro'e fields, or very long fields, location diferences i 
fitm-ee of infesfation n ay be considerable. Certainly diflerent fields ni 
hf sanm“ eifena exhibit highly significant difterences in 

noTiulatioir density. Among other factors, wind currents undoubtec 
K aSpoZSrolo in tfis local distribntion but foe «c«a as small 
nQ TYin<^t m]o*ftr-bP6t fields tlic effect is apptHeiitl} snitill* 

From a comparison of the effect of the remoiml of "f ' 

nmn variaiices^iii the different arrangements it is evident that when a 
decrease in the error variance occurs it originates from fbe elimiiia ion 
of the contribution of rows; wlien an increase occurs it is sma ler 
for the rows than it is for the columns. I rom this it appeals that 
if a restricted random arrangement vmre to be used at all in th« field 
at this particular time, the best results would be obtained fiom lan- 
domized blocks laid out across the field in the row direction, not in th 

‘^^Hmveveirthe principal evidence from 

May 20 is that restricted-random arrangements are of btf^, ^lue i 
field tests made on migrant beet leafliopper populations. This state- 
ment probably will apply generally because of the ^ 

distribution of the leafliopper during the tune of the spiin,, flij,nts 

^^Observations in many fields other than the one 
paper have indicated that migrant beet leafhoppers are distiibutcd 
?n a Poisson series. Tliis distribution implies^ an equal probabihtj 
of infestation in each of the plots. It the infetiations in the ]. lo s 
are alike, it follows that the infestations in diflerent combinations 
of them will also be alike, and restricted arrangements such as the 
Latin square or randomized blocks ennnot, under such conditions of 
uniformity, accomplish the purpose for which they are inteiuled. 

Migrant leafliopper densities, ranging from a mean of 0.01 to a 
per lieet, have been found in essential agreement with the I oisson 
distribution. At higher densities this distribution law begins to 
break down owing to an excess of high and low counts, probably 
because some plants are more attractive to the insect than otheis. A 
differential attractiveness among the plants, however, will not neces- 
sarily destroy the similarity of the plot infestations provided the 
more attractive plants are randomly distributed over the held. Ihm 
seems to apply to migrant leaf hoper populations, so 
population densities the practical utility of local contiol is doubtful. 
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Further studies, however, are necessary to confirm or refute this 
belief. 

Where migrant populations of the beet leafhopper are concerned it 
appears that the most satisfactory results will be obtained by a com- 
plete randomization of the treatinent replications. 

LATER SEASON RESIDENT POPULATION 

The later season resident population was composed largely of 
progeny of the spring migrants that moved into the fieht before 
Jiine 1. By late August the beets in a field usually manifest obvious 
differences in growth, and the leafhopper environment is mucii less 
iniiform than it is early in the season. The eiiviroiiinental differences 
tlnit develo].) within the field apparently ai*e I’eflected in a inarked 
iieterogeneit}^ in the leafhopper population. 

Population differences associated with types of beet growth Imve 
commonly been observed by workers on the beet leafhopper project. 
Such differences are clearly illustrated by the data obtained at Magna, 
Utah, in 1932 (table 3). When such obvious differences appear in 
an experinientai field, the investigator might readily take advantage 
of the associated differences in the leafhopper infestation by orient- 
ing the experiment to conform to the various types of plant growth. 

Visual orientatioii of the plots, liowever, is not always practicable, 
since marked chfferences in the leafhopper population may and do 
appear in the absence of any clearly defined types of plant growdh. 
Such was the case on August 26-27 in the field here considered. 
Altlioiigh definite lieterogeneity existed in the leafhopper infesta- 
tion at this time (tables 5 and 7) it would have been impossible, by 
visual inspection of the field, to associate this heterogeneity with 
variations in the type of beet growth. Usually it is only by methods 
of sampling that infestation differences can be recognized with rea- 
sonable accuracy. 

From table 7 it is evident that local control effected a substantial 
reduction in the estimate of experimental erroi*, when applied to the 
resident leafhopper population of ilugust 26-27. In practically all 
arrangements a decrease in the error variance resulted from remov- 
ing the variation between row’s or columns. In the 6X6 Latin 
sc|uare, for example, eliminating the infestation differences between 
rows and columns reduced the error variance by 58.8 percent ; thus, 
tliis arraiigeirient -vvoiild have more than doubled the sensitivity of 
an experinieiit as a means of detecting treatment differences. 

It is interesting to compare the percentage reduction in the error 
variances effected by removing rows or columns, when plots of the 
same shape and size are considered. Kemoval of the roAv contribu- 
tion produced the larger decrease for every arrangement except the 
6 X 6 Latin square. In a general w’^ay this parallels conditions 
observed in the data of May 20 except -that then the effect of row’s, 
although usually not significant, was larger than that of coiimms in 
every arrangement, the 6 X 6 Latin square included. 

Although for the data of August 26-27 the row’s component w^as 
somew’liat smaller than that of columns in the 6 X 6 Latin square, in 
every other arrangement the rows effect was more pronounced. This 
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is explained by the presence of a definite population gradient across 
tlie field in tlie direction affected by the rows, so that combining the 
plots in tliis direction never decreased the differences between rows. 
There was no definite gradient in the direction affected by the columns, 
and in combining the plots in this direction the sometimes lias 

been to decrease the relative differences. Thus, for the plot 180 feet 
wide, the error variance was actually increased by eliminatung tlie 
variation between columns in two instances (182X180 and 
and only an inappreciable reduction occurred in the other (91X180). 

DISCUSSION 


Tliis study has demonstrated the relationsliip of insect-population 
distribution to experimental design. In experiments involving 
inio-rant beet leafhoiiper poimlations, restricted- ran doni arrange- 
inents designed to reduce the experimental error aie of little oi no 
value. This results from the uniform distribution of the leafhopper 
over the experimental area at the time of the spring dispersal into the 
beet fields. Later season populations exhibit considerable heteroge- 
neity, and the value of local control to increase the accuracy of the 
results is unmistakable. 

As a general rule, in field experiments with any insect species tlie 
advantage gained from restricted random arrangements will vary 
directly with the degree of heterogeneity exhibited by the population 
sampled. The object of restriction is to include in the location dif- 
ferences as much of the total variation as possible. Obviously this 
may be accomplished most readily when the population heterogeneity 
is expressed as a gradient in one or two directions across the experi- 
mental field, or lies in definite- zones, rather than in patches scattered 
over the field. 

Preliminary samples are usually taken in entomological field tests. 
Analyses of the preliminary data should indicate the plot arrange- 
ment‘ tliat will most effectively increase the precision of the experi- 
ment. 

Theoreticallv, the method of analysis of variance is based on the 
assumption of a normal distribution. ’ Often this assumption does not 
hold for field sampling data. Since the distribution of migrant beet 
leafhoppers is described by the Poisson law, the application of 
analysis of variance to it is open to question. A similar objection 
might be made to applying analysis of variance to the later season 
resident population of' August 26-27, which deviates significantly 
from the normal but conforms favorably witli the negative binomial 
and the contagious distributions. For* all practical purposes, how- 
ever, the variance method applied to tests of significance will probably 
give reliable results despite a considerable degree of skewness in the 
data. Experimental studies on nonnorrnal data by Pearson {16) and 
by Eden and Yates (9) support this view. More specifically, Chap- 
man (5) has demonstrated a satisfactory agreement between the ob- 
served and the theoretical distribution of Z for samples drawn from a 
Poisson distribution having a mean of 1.0. This a])proximates the 
mean (0.803) of the sample distribution of May 20 considered in 
this report. 
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In addition to the assumption of a normal distribution, the validity 

01 the generalized standard error derived from a combined analysis 
of variance IS based on the assumption that although the different ele- 
mei:ds of the population may have different means their variance must 
be the same. Clearly this assumption may be violated for data of the 
Poisson type._ The variance in a Poisson distribution is not inde- 
pendent, but is equal to the mean. Thus if population heterogeneity 
is involved, or if different treatments exert a significant effect, the 
corresponding means, and therefore the variances, will be different, 
and a combined analysis of the data will be unwarranted. 

Considerable caution should be exercised in the analysis and inter- 
pretation of such data; otherwise, misleading conclusions may be 
drawn. Bartlett {2) and Cochran {6) have dealt at length with this 
aspect of the problem, and for data of the Poisson type they suggest a 
square-root transformation to equalize the variances before proceeding 
with the analysis. For plot counts between 10 and 100 they suggest 
the simple square-root transformation, and for plot totals the 
majority of which are under 10 the transformation is recom- 

mended. 

In the present study, which deals with uniformity data, differen- 
tial variability was negligible in the populations of May 20 and June 
4. A transformation of the data was therefore considered unnecessary. 
If different treatments had been employed in the experimental field on 
these dates, then differential variability prob ably would have been 
introduced by the treatments, and the V^+% transformation would 
have been appropriate since the plot totals (ng. 1) were below 10 in 
most cases. 

Analyses of variance have been made on the original data and on the 
transformed data with essentially the same results. Take, for example, 
the data for the 6X6 Latin square on May 20. When the original 
figures are used the F values for rows, colu mns, and treatments re- 
spectively are 1.26, 7.32, and 1.27 ; when the +^/2 transformation 
is used the corresponding F values are 1.17, 7.93, and 1.51. Similarly, 
for the data of the 6X6 Latim square on June 4, when the original 
data are used the F values for rows, columns, and treatments respec- 
tively are 4.49, 1.79, and 1.42; and when the transformation is used 
the corresponding F values are 4.43, 1.97, and 1.42. Practically the 
same conclusion regarding levels of significance would be drawn 
from the analyses of the original data as from the analyses of the 

transformed data. , V 

The data obtained on August 26-27, besides being non-normal, 
showed definite heterogeneity and, like those of the first two samplings, 
are of a type such that the variance and the mean are rented. The 
differences in variability, however, are not so great as to affect appre- 
ciably the inferences drawn from the results of analyses performed^qn 
the original scale. The analysis of the data for the 6X6 Latin 
square, when repeated with the simple square-root ( transforma- 
tion, gives 7?’ values of 5.94, T.15, and 1.35 for rows, columns and treat- 
ments respectively. These comppe with corresponding Fwalues ot 
5.59, 6.41, and 1.31 when the original figures are used. Both analyses 
orive essentially the same result concerning the significance o± the 

difference between rows, columns, and treatments. 
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The data considered in this paper further illustrate the practical 
applicability of the method of analysis of variance to skew (non- 
normal) distributions (5, 9, 16), although, by this, it is not intended 
to imply that a suitable transformation may not often be useful, or 
even quite necessary, to evaluate correctly the results of an experi- 
ment analysed by the variance method. , , J! 

In this paper field-plot lay-out has been viewed solely from the 
standpoint of insect-population distribution. Obviously other 
siderations may be of importance. For example, if it is intended 
that different insecticides shall be studied, not only as thw directly 
affect the insect but also according to the indirect effect ot different 
degrees of kill on the resulting crop yield, then soil heterogeneity 
also must be considered. Under this condition restricted-raiidoni ar- 
rangements would seem advisable, despite uniformity of the insect 

infestation. . . , _ . „ 

Insect activity and movement may render impracticable the use oi 
designs that otherwise would be very helpful. This difficulty is illus- 
trated by the work of Douglass, Wakeland, and Gillette (5) on field 
experiments for the control of the beet leafhopper in southern Idaho. 
They showed that a satisfactory kill could be obtained with a pyretli- 
rum oil spray. However, neither the incidence of curly top disease, 
which is transmitted by the leafhopper, nor the yield of beets per 
acre in the sprayed plots was significantly different from that in the 
unsprayed check plots. The beet leafhopper is very active and inter- 
plot movements and dispersals into the field after the insecticides 
were applied completely obscured the effects of the treatment when 
these were measured by reductions in curly top disease or by increases 
in the yield of beets.* Steiner {20) encountered a similar difficulty 
when he used small plots for field experiments with insecticides for 
the control of the codling moth. He found that because of intertree 
and interplot movements of the adult moths, treatment effects might 
be largely obscured if based only on records from drop and harvest 
fruit. 

SUMMARY 

The relation of insect-population distribution to experimental 
design has been studied by analyses of uniformity data obtained from 
sampling field populations of the beet leafhopper. {Eutettix temllus 
(Baker)). 

^ The distribution of the beet leafhopper at the time of the spring 
dispersal into the sugar-beet fields is in essential agreement with the 
Poisson law.^ Later season resident populations apparentl}/- conform 
to the negative binomial and the contagious distributions. 

The variation between plots was not significantly greater than the 
variation within plots for the migrant leafhopper populations, which 
indicates that population heterogeneity was not a significant factor 
affecting the infestation in the different plots. The later season resi- 
dent population showed highly significant differences between the 
plot infestations. 

Restricted random designs gave little or no reduction in error 
variance when applied to the migrant beet leafhopper populations, 
because of the uniformity of the distribution of the insect over the 
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experimental field. These designs, however, effected a significant 
reduction in the estimate of the error variance when they were applied 
to the later season resident population. 

Precautions to be observed in the application of analysis of vari- 
ance to data of the Poisson type are indicated. 

This paper views field-plot lay-out solely from the standpoint of 
the distribution of insect populations, but attention is called to the 
fact that other considerations may be of importance. 
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EFFECTS OF CERTAIN SOIL FUNGI AND THEIR BY- 
PRODUCTS ON OPHIOBOLUS GRAMINIS' 

By C. M. Slagg, formerly collahoraioryB.n(l HtiELEY Fellows, associate pathologist, 
Division of Cereal Crops and Diseases, Bureau of Plant Industry, Soils, and 
Agricultural Engineering, Agricultural Research Administration, United States 
Department of Agriculture 

INTRODUCTION 


111 studies on the take-all foot rot of wheat {Triticum aestimm 
L. (T. vulgare VilL)), caused by Ophiobolus graminis Sacc., certain 
features of its development and disappearance in cultivated fields and 
of its control by adding organic matter and other amendments to the 
soil have been difficult to explain. Some workers have suggested that 
the development of the disease may be affected markedly by other 
micro-organisms in the soil. 

Sanford and Broadfoot (Sy and Broadfoot (1) studied the effect 
of other organisms on the development of Ophiobolus graminis in pure 
culture and in the soil. Russell (7) concluded that the beneficial eflPect 
of crop rotation and fallowing on reduction of take-all was due to 
other soil organisms crowding out 0. graminis in the absence of its host. 
Brommelhues {2) reported that several fungi, when grown in artificial 
media, produced thermostable byproducts that inhibited the growth 
of 0, graminis on solid and liquid media. She stated that a preliminary 
exposure of wheat to certain organisms allowed 0. graminis to cause 
more damage than the simultaneous use of those fungi and 0. graminis. 
The reason given is that the byproducts of the fungi tested slightly 
injured the plants and permitted easy infection by 0. graminis, whereas 
their byproducts when they were used with 0. graminis tended to 
lessen the damage from it. This is cited to explain why take-all is 
more severe on light than on heavy soil, as the former has less absorp- 
tive capacity. Garrett (5) stated that the biologic control of the 
parasite by other micro-organisms best explained some of the phenom- 
ena he encountered; Lai (6) showed that several soil fungi and 
bacteria are injurious to 0. graminis, some by direct attack and 
others by the deleterious efiFects of their byproducts; and Winter {13) 
reported' the presence in soil extracts of substances inhibitory to the 
development of 0. graminis. 

Clark {3) and Stumbo, Gainey, and Clark {9) studied the effect 
of organic and inorganic soil amendments on the control of take-all. 
They decided that the control obtained by the amendmpts they 
used was due to adequate fertilization of the soil. Their studies 
of soil flora were only quantitative, however, for no account was 
taken of the species present or of their byproducts under the circum- 
stances imposed. 

" i''Receiv^^for publication April 30, 1947. Cooperative investigation by the 
Division of Cereal Crops and Diseases and the Kansas Agricultural Experiment 
Station. Contribution No. 393, serial No. 386, Department of Botany, Kansas 
Agricultural Experiment Station, ^ _ 

2 Italic numbers in parentheses refer to Literature Cited, p. 292. 
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This paper reports attempts to find some of the interrelations 
between the take-all fungus (OpMobolus graminis) and certain other 
soil-inhabiting fungi and to ascertain whether variations in the 
severity of the disease attack by 0. graminis can be explained on the 
basis of interference by certain other soil fungi. The paper is not 
intended as a compendium of the interrelations between a large 
number of soil fungi and 0, graminis, 

MATERIALS AND METHODS 

The fungi studied were isolated from various types of soil used for 
growing wheat in central Kansas, some being free from Ophiobolm 
graminis and others infested with it. Fungi also were isolated from 
such infested soils after they had been treated experimentally in 
various ways in the field and in the greenhouse. Most of the isolations 
were made from the soil by the poured-plate method, but some were 
made from root fragments. The media employed included acid and 
neutral potato-dextrose agar, Lipman and Brown agar, urea agar, 
nutrient agar, water agar, soil-extract agar, and combinations of water 
and soil-extract agars. 

The fungus isolates were tested for possible antibiosis or probiosis ^ 
to Ophiobolus graminis in artificial media and in the soil. Three 
series of tests were made. In series 1 0. graminis and each of the 
soil fungi studied were grown together on potato-dextrose agar in 
100- by^ 15-mm. petri dishes. In series 2 the effect of byproducts of 
the various soil fungi on 0, graminis was determined. In this series 
the fimgus being tested was grown for 7 to 14 days on a potato- 
dextrose solution or other liquid media; then the solution was filtered 
through filter paper and sterilized by autoclaving at 17 pounds’ 
pressure for 20 minutes. Different quantities of the sterile filtrate 
were then added to fresh, sterile potato-dextrose solution in 125-cc. 
Erlenmeyer flasks or to sterile, melted potato-dextrose agar in test 
tubes for use in petri dishes. 

Later the flasks of liquid medium and the petri dishes containing 
the mixtures were inoculated with pieces of agar 2 mm. square cut 
from portions of an agar plate carrying Ophiobolus graminis in an 
actively growing condition. The flasks and petri dishes were then 
incubated at 22° to 26° C. The rate of growth of 0. graminis on the 
agar plates was determined by measuring the diameters of the circular 
colonies daily until the plates were covered; it took 7 to 10 days for 
the colonies to cover the plates if no antibiosis or probiosis w^as in- 
volved. In the liquid media the dry \veights of the fungus mats 
were taken when the experiment was terminated, usually after 14 
days. Use of agar plates had the advantage of showing daily in- 
creases in growth and of requiring less time, but the use of flasks 
was less subject to experimental error. 

In series 3 the fungi were grown together in variously treated soils 
which were then planted to wheat. In part of this series the wheat 
seedlings were grown in the laboratory in 125-cc. Erlenmeyer flasks 
containing 60 gm. of sterilized soil which had been inoculated with 
Ophiobolm graminis Midi the fimgus to be tested. After 0. graminijS 

3 In the present paper antibiosis is used to mean antagonistic relations of the 
soil fungi or their bj^products to Ophiobolus graminis Bud probiosis to mean the 
opposite, that is, favorable relations to 0, gr am mis. 
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had grown through the soil, the fungus to be tested was introduced 
and the two fungi were permitted to grow together for a time before 
germinated, surface-sterilized wheat kernels were planted in the flask. 
At the end of the experiment the extent and severity of root lesions 
on the seedlings were recorded. In part of series 3 the wheat plants 
w^ere growm to maturity in the greenhouse in 64nch clay pots con- 
taining soil naturally infested with 0. graminis and artificially in- 
oculated separately with the different soil fungi to be tested. Data 
on the extent and severity of the lesions and on the general condition 
of the wheat plants were taken after they had headed. 

FUNGI ISOLATED 

Nimierous soil and root isolates were cultured and tested for the 
production of substances that influence the development of Ophiobolus 
graminis. The number of isolates (species or strains) in different 
genera was as follows: Penicillium, 29; Fusarium, 20; Actinomyces 17; 
Aspergillus, ^ 16 ; Ophiobolus, 8 ; Rhizoctonia, 7; Oliocladium, 6 ; Pythium, 
5; Chaetomium, 5; Rhizopus, 4; Helminthosporium, A; Alternaria, 4; 
Trichoderma, 3 ; Monilia, 3 ; Trichothecium, 1 ; Acrothecium, 1 ; Spicaria, 
1 ; and unidentified, 17. These fungi were numbefed, and the species 
of those that tended to be antibiotic or especially probiotic to 0, 
graminis were identified whenever possible. These were the prin- 
cipal fungi used in the experiments. 

EXPERIMENTS IN ARTIFICIAL CULTURE MEDIA 

EFFECT OF OTHER SOIL FUNGI ON OPHIOBOLUS GRAMINIS 

In the experiments in which Ophiobolus. graminis was grown in the 
same petri dish with another fimgus (Mries 1), potato-dextrose agar 
was used in duplicate plates. Tweiity^s^ven isolates of common 
soil fungi were tested separately with 0, graminis. Each of these 
and 0, graminis were placed 'hbout 40 mm. apart on opposite sides 
of an agar plate. The fimgus growth, particularly where the hyphae 
of the two colonies advanced toward each other, was examined 
several times daily. ^ . 

A few of the soil fungi studied were actively antagonistic to Ophiobo- 
lus graminis, . Trichoderma lignorum (Tode) Harz (No. 1)^/ 

Aspergillus niger y, Tiegh. (No. 10), and Gliocladium fimbriatum 
Gilman and Abbott (No. 28). In case of these species the hyphae of 
0, graminis and those of the other fungus advanced on the agar plate 
iiiitil they met. Soon thereafter the hyphae of 0, graminis died back, 
and disintegrated where the colonies met, and the colony of the oth^^ 
fungus continued to advance.^ The hyphae of T. lignorum actually 
parasitized those of 0, graminis by penetrating and killing them, it 
was not determined how the other two fungi killed the hyphae of 
0, graminis, 

Ophiobolus graminis and certain other fungi showed mutual repel- 
lence. Both advancing colonies stopped growth at the inside border 
before the hyphae met, leaving between them a zone where there was 
no growth. The fungi that reacted in this way Aspergillus flams 
Lk. (No. 8), A (Eidam) Wint. (No. 2), and Pemcilhum 

Ktefmim''Thom'':(No. 13). ' 
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The antibiotic or probiotic influence on Ophiobolus grarmnis of the 
other fungi tested could not be determined exactly by this method 
because either 0. graminis grew over them or it was overgrown by 
them with no apparent injury to either. 

EFFECT OF BYPEODUCTS OF OTHER SOIL FUNGI ON OPHIOBOLUS GEAMINIS 

Many tests (series 2) were made to determine whether certain soil 
fungi produced substances toxic or stimulatory to Ophiobolus gramims. 
With few exceptions the medium used was the potato-dextrose solution 
as described previously. Soil decoctions and J 

taining various nitroffeu compounds were tried also. Measured 
quantities of the sterile filtrate from the solutions in which ^dividual 
inngi to be tested had grown (15 percent by 

medium in which 0. graminis was then introduced. Some fungus 
isolates were tested four or five times and others only once, ihe 
resulting growth was, recorded as a measure of any possible toxicity 
Data were taken both on the increase in diameter of the colonies o; 
0 graminis on agar and on the weight of the mycelial mats produced 
in the liquid medium. The growth of 0. graminis on thn particular 
medium without the addition of any filtrate was taken as the control. 

Examples of both inhibitory and stimulatory effects of various iirngi 
in the test on potato-dextrose-agar plates are shown in figuie 1. e 
average weights of mycelium in liquid medium (potato-dextrose soIut 
tion) and the measurements of radial growth on agar lor 21 ol the soil- 
fungus isolates are shown in table 1. These isolates were selected 
and identified as to species because they gave a fair representation ot 

the biotic effects encountered. ^ ^ • r j i 

Thirty-nine, or about ono-third, of the isolates included m these 
experiments produced substances that reduced the growth of Ophiobo- 
lus graminis more than 20 percent; 20 of these reduced the growth 50 
percent or more; and 6 reduced it more than 80 percent. Aspergillm 
niger (No. 10) and A. Uvrey^. (No. 86) inhibited the growth of O. 

uramims completely. k. , , , • ^ c n -l- i u.. 

Four of the six fungi th§,t ^reduced the development ol Ophiobolus 
graminis 80 percent or more were species of Aspergillus. According 
to Thom and Church (j(0,)r these species fall m the A. flams, A. niger, 
and A. terreus groups and have been identified by the authors as 
strains oi A. flams (No. 8), A. niger (No. 10), A. flampes (No. 80), 

and A. ierre-its (No. 86). . , , x flr- 

On the other hand, eight of the soil-fungus isolates tested m these 

experiments produced substances that stimulated the grow th oi 
Ophiobolus graminis 25 percent or more above normal. ^ ^ 

The time of production of inhibitory growth substances in artmcial 
media by the soil fungi tested varied considerably.^ Some produced 
appreciable quantities in 48 hours and reached their maximum pro- 
duction in 5 days. Others required a week or more to proi^ice any 
toxic substance and 20 days to attain maximum production. Emsopm 
mgricans produced iixhihitory s in its early stages of growth 

and stimulatory ones later. Some isolates of certain species of 
Aspergillus, especmlly A, terreus and A. showed wide differences 

in biotic behavior toward Ophiobolus graminis. Such physiologic 
strains within a species could not always be separated morphologically. 



gramim^ on potato-dextrose agar i 
IS of sterile potato-dextrose solutior 
^O'WJXi As'pergillus niger (No. 10^ 
rowth; C, Gliocladiiim fimbriatum (N( 
ignorum (No. 1), 24 mm. in diamete] 
. in diameter; F, A, nidulans (No. 2] 
), 73 mm, iii diameter; H, Alternari 
The control colony of 0. gramim 
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Two experiments were conducted to test the production of sub- 
stances affecting the development of ^ 

list (table 2) of isolates of soil fungi grown m soil exti ant. in tne 
first experiment, a preliminary one, soil extracts that had supported 
the growth of the various soil fungi to be tested were added in sm^l 
quantities to potato-dextrose agar and potato-dextrose solution, 
m aU cases the growth of 0. graminis on these media was stimulated 
Sa^Ldty TMf indicated either that these. fungi produced sub- 
Sances in soil extract that stimulated 0. gramtms or that in the soil 
extract itself there was a growth-promoting substance that obscuied 
the effect of any inhibitory growth substance formed. 

Tarie 1—Orowlh of Ophiobolus qraminis in potato-dextrose solution or on potato- 
deSrhe agaX which Md been Idded IB-percent po'-tipns of sierrh zed 
which various indwidual soil fungi ^rowri prevtously as uMh tts 

growth on the same medium wifhotit such addition {control), Manhattan, Kans., 

1938 


' Fungus grown in solution that was added 


Actinomyces sp. (No. 2A) - - 

Alternana humicola Oudemans (No. 17)--^- "Vni,::"!: 

AspergUlus flavipes (Bainer and Sartory) Thom and Church 

(No. 80) 

Aspergillus flavus (No. 8) - 

Aspergillus nidulans (No. 2) 

Aspergillus niger (No. 10) ^ 

Aspergillus niger (No. 47) 2 ----- 

Aspergillus terreus Thom (No. 3) 2 

Aspergillus terreus (No. 86) 3. 

Fusarium moniliforme Sheldon (No. 31) ^ 

Fusarium moniliforme (No. 109) ^ 

Fusarium moniliforme (No. 14) ^ — 

Oliocladium fimbriatum (No. 28) . . . - - - . - - - - - - 

Helminthosporium sativum Pam., King, and Bakke (No. iO- 

Penicillium lilacinum (No. 13) 

PeniciUium pinophilum Hedge. (No. 98) 

Phizopus nigricans Ehr, ex Fr, (No. 

Spicaria divaricata (Thom) Gilman and AbDott (No. iioj 

Trichoderma lignorum (No. 1) - 

Trichoderma lignorum (No. 34) 

Trichothecium roseum Lk. (No. 29) - 

Ophiobolus graminis (control) 


Growth of 0. graminis 


Weight 
of fungus 
mats in 
solution 

Diam- 
eter on 
agar 

Compared with growth 
of control 

In so- 
lution 

On 
agar ^ 

Aver- 

age 

Gm. 

Mm. 

Pet. 

Pet. 

Pet. 

0. 0574 

82 

95. 

117 

106 

. 0670 

77 

Ill 

no 

in 

.0089 

0 

15 

0 

8 

.0082 

25 

14 

36 

25 

.0553 

57 

92 

':aM 

86 

.0000 

0 

0 

0 

0 

. 1082 

70 

180 

100 

140 

.0674 

77 

112 

no 

in 

.0000 

0 

0 

0 

0 

.0968 

61 

161 

87 

124 

.0000 

51 

0 

73 

36 

.0618 

69 

103 

99 

101 

.0000 

25 

0 

36 

18 

. 0667 

88 

111 

126 

118 

.0269 

27 

45 

39 

42 

. 0130 

25 

22 

36 

29 

.0206 

27 

34 

39 

37 

. 0063 

0 

10 

0 

5' 

. 0038 

37 

0 

53 

30 

.0066 

36 

11 

51 

31 

. 0643 

70 

107 

100 

104 

. 0601 

1 ™ 

100 

100 

100 


1 Percentage computed by comparison of diameters. , 

2 These 2 isolates of Aspergillus niger could not be separated morphologically . 

3 These 2 isolates of A. terreus could not be separated morphologically. 

< These 3 isolates of Fusarium moniliforme could not be separated morphologically . 


In the second soil-extract series 5 kg. of garden soil was e.xtracted 
with boiling distilled water, filtered through cheesecloth, and hnaliy 
force-filtered through 6 thicknesses of filter paper covered with fine 
mud. The light-amber liquid obtained was divided into 11 (60-cc.) 
aliquots in Erlenmeyer flasks and was sterilized 1 hour in the auto- 
clave at 15 pounds’ pressure on three successive days. The flasks were 
then inoculated separately with the following soil fimgi: Alternana 
humicola, Aspergillus flavus, A. niger, A. terreus, Gliocladiurn flni- 
hriatum, PeniciUium lilacinum, P. viridicatum Westlmg, t emedlyum 
sp. (No. 21), Phizopus nigricans, Trichoderma lignorum, and Ophiobo- 
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his graminis. Growth was slow and sparse. After 60 days all 
flasks were sterilized again by autoclaving, their contents were filtered, 
and the filtrates were used as 15- and 25-percent (by volume) addi- 
tions to potato-dextrose agar and potato-dextrose solution in petri 
dishes and flasks as previously described, 0. graminis was then 
grown in each of these. Data on the growth of' 0. graminis in the 
petri dishes and the flasks were so similar that only those from the 
flasks are given in table 2. 

Table 2. — Growth of Ophioholus graminis in potato-dextrose solution to which had 
been added 15~ or Bd-percent portions of sterilized soil extracts in which various 
individual soil f ungi had grown previoushj as compared with Us growth in the same 
medium witho'ut such addition {control) y Manhattany Kans,, 1938 


Fungus grown in solution that was added 


AUernaria humicola (No, 17)--. 

AspergiUus flavus (No. 8) 

Aspergillus niger (No. 10) 

Aspergillus terreus (No. 3) 

Gliocladium fimbriatum (No. 28) 
Penkillium lilacinum (No. 13). 
PenkilUum viridkatum (No. 26) 

Penkillium sp. (No. 21).,, 

Rhizopus nigricans (No. 4) 

Trkhoderma Ugnorum (No. 34). 

Ophiobolus graminis 

Ophiobolus graminis (control) . . 

1 Average of 4 controls. 



Growth of 0. graminis 

oOll 6X* 

tract 

added 

Weight of 
fungus 
mats 

Compared 
with growth 
of control 

Percent 

Grams 

Percent 

/ 15 

0. 1224 

139 

1 25 

.1416 

158 

f 15 

.1205 

135 

1 25 

.1068 

119 

f 15 

. 1320 

147 

{ 25 

. 1050 

117 

r 15 

. .1102 

123 

1 25 

.1029 

115 

( 15 

.1021 

114 

\ 25 

.0923 

103 

r 15 

.1196 

134 

1 25 

.1150 

128 

f 15 < 

.0999 

112 

\ 25 

. 1430 

160 

1 15 

.1526 

170 

\ 25 

.1268 

142 

f 15 

.1047 

117 

\ 25 

. 1492 

167 

/ 15 

. 1076 

120 

\ 25 

.1123 

125 

f 15 

.0984 

no 

\ 25 

. 0976 

109 

0 

1 .0895 

100 

1 


It is apparent from table 2 that the soil extract which had served as 
a medium stimulated the growth of Ophiobolus graminis in every 
instance. It is also apparent in the case of Aspergillus terreus, A. 
flavus, A. niger, Penicillium sp. (No. 21), Gliocladium fimbriatum, and 
'Penicillium lilacinum that the 25-percent addition produced less 
growth than the 15-percent addition. It might be assumed that the 
greater amounts of inhibitory material present in the 25-percent addi- 
tioD W8i*6 responsible for the reduced growth. These particular 
isolates had been found to be toxic in previous tests in other med^, 
whereas, of the four fungi that exhibited greater growth after the 
25-percent addition than after the W-gercent, Rhizopus mgruans 
and AUernaria humicola had often produced growth materials stimu- 
latory to 0 . oramms in previous experiments. _ 

Experiments were performed to study the production of byproducts 
mhihitovj to Ophiobolus graminis hj soil fungi nourished by difterent 
sources of nitrogen. Four lots of Czapek’s solution were made up, 
each carrying a different nitrogen compound in concentrations of 
2 gm. of the compound per liter. The nitrogen sources used were 
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ammonium chloride, ammoniuni nitrate, sodium nitrate, and urea. 
Potato-dextrose solution was included for comparison. Fifty cubic 
centimeters of each nutrient solution was placed in 125-cc. Erlen- 
meyer flasks, plugged with cotton, and sterilized in the autoclave for 
1 hour at 15 pounds' pressure. These were then inoculated separately 
with seven selected soil isolates, namely Aspergillus flams ^ A. nidulans, 
A. niger, Gliocladium Jimbriatum^ Penicillium lilacinum, Bhizopus 
nigricans^ and Trichoderma lignorum. All except A. nidulans and 
R. nigricans had been fairly uniform in producing in potato-dextrose 
solution substances that inhibited 0. graminis. Each fungus was 
grown in each of the five solutions for 10 days. All grew except 
R. nigricans with sodium nitrate and T. lignorum with ammonium 
chloride as sources of nitrogen. 

After 10 days the solutions were filtered, sterilized, and mixed with 
potato-dextrose agar or solution so that the fungus extract would 
constitute 15 percent (by volume) of the mixtoe. The mixtures 
were placed in petri dishes and flasks, respectively. These wp*e then 
inoculated with Ophiobolus graminis. As a control 0. graminis was 
grown in potato-dextrose solution without the addition of nitrogen 
compounds and without filtrates containing byproducts of other fungi. 
The weights of fungus mats from the flasks, which represent the com- 
parative growth, are shown in table 3. 

Table 3. — Growth of Ophiobolus graminis in potato-dextrose solution to which had 
been added 15-percent portions of sterilized solutions in which various individual 
soil fungi previously had been nourished by different sources of nitrogen as com- 
pared with its growth in the same medium without such addition (control)^ Man- 
hattan, Kans,, 1938 


Nitrogen source or medium and 
fungus grown in solution that 
was added 

Growth of 0, 
graminis 

Nitrogen source or medium and 
fungus grown in solution that 
was added 

Growth of 0. 
oraminis 

Weight 

of 

fungus 
mats » 

Com- 
pared 
with 
growth 
of con- 
trol 2 

Weight 

of 

fungus 
mats * 

Com- 
pared 
with 
growth 
of con- 
trol 3 

Ammonium chloride: 

Grams 

Percent 

Urea: 

Grams 

Percent 

Aspergillus niger (No. 10) 

0.0000 

0 

Gliocladium fimbriat um (No. 28) 

0.0000 

0 

Aspergillus flams (No. 8) 

.0207 

33 

Penicillium Ulacinum (No. 13) 

. 0623 

84 

JRhizopus nigricans (No. 4) ■. 

.0468 

76 


.0550 

89 

Penicillium Ulacinum (No. 13)-.. 

.0501 

81 

Aspergillus fiamis (No. 8) 

.0594 

96 

Gliocladium fmbriatum (No. . 

.0522 

84 

Aspergillus nidulans (No. 2) 

.0664 

107 

Aspergillus nidulans (No. 2) 

,0613 

99 

Trichoderma lignorum (No. I).-.. 

.0718 

116 

Ammonium nitrate; 



Phizopus nigricans (No. 4) 

.0849 

137 

Gliocladium fimbriatum (No. 28)-. 

.0000 

0 

Potato-dextrose solution: 



Aspergillus nidulans (No. 2) 

,0524 

85 

Aspergillus niger (No. 10). 

.0000 

0 

Aspergillus niger (No. 10) 

,0585 

94 

phizopus nigricans (No. 4).. . - 

.0072 

i 12 

Trichoderma lignorum (No. 1) 

.0633 

102 

Aspergillus fiavus (No. 8) 

. 0098 

> 1(5 

Penicillium Ulacinum (No, 13) 

.0688 

111 

PeniciUium Ulacinum (No. 13) 

.0493 

SO' 

Aspergillus flavus (No. 8) 

.0942 

152 

Gliocladium fimbriatum (No. 28). . 

.0568 

92 

Phizopus nigricans (No. 4) 

.1500 

242 i 

Aspergillus nidulans (No. 2) 

. 0603 

97 

Sodium nitrate: 



Trichoderma lignorum (No. 1) .-.. 

.0614 

99 

Aspergillus niger (No. 10) 

.0000 

0 

Control (potato-dextrose solution 



Aspergillus flavus (No. 8) 

.0305 

49 

alone): 



Gliocladium fimbriatum (No. 28).. 

.0525 

85 

Ophiobolus graminis 

.0620 

100 

Penicillium Ulacinum (No. 13) 

.0687 

95 




Trichoderma lignorum (No. 1) 

.0597 

96 




Aspergillus nidulans (No. 2)-.-.. 

,0810 

131 





5 Average of 2 replicates. 

3 Fungi listed in each group in descending order of inhibitory action on Ophiobolns graminu. 
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It be seen in table 3 that the growth of Ophiobolus gramivAs 

may be yarioiisly affected by the byproducts from fungi grown in 
media with different nitrogen sources. These effects ranged from 
complete inhibition of 0. graminis to striking stimulation, 

^ Aspergillus niger grown in Czapek's solution with ammonium clilo- 
ride or sodium nitrate or in potato-dextrose solution developed by- 
products that completely inhibited Ophiobolus graminis; only slight 
inhibition resulted when it was grown with ammonium nitrate or 
urea. In contrast, Qliocladiumjimhriatum developed byproducts that 
effected complete inhibition of 0. graminis when ammonium nitrate 
or urea was the nitrogen source but not when the other compoimds 
were used. 

Aspergillus flams when grown in Czapek^s solution with ammonium 
chloride or sodium nitrate or in potato-dextrose solution developed 
byproducts that inhibited but did not prevent growth of Ophiobolus 
graminis. This is in agreement with the results shown in table 1. 
In general, the byproducts from A. flams seemed to be of the same 
nature as those from A. niger, but the inhibitory effects were less. 
It is of special interest to note that the byproducts from A. flams 
grown with ammonium nitrate were distinctly stimulatory to 0, 
graminis, producing 152 percent as much growth as the control. 

Rhizopus nigricans developed inhibitory byproducts when grown in 
potato-dextrose solution or in Czapek^s solution with ammonium 
chloride as the nitrogen source. Wien ammonium nitrate or urea 
was used, its byproducts were distinctly stimulatory, causing 242 and 
137 percent growth of Ophiobolus graminis, respectively. 

The byproducts of Penicillium lilacinum, Aspergillus nidulcms, and 
Trichoderma lignorum were only slightly inhibitory, neutral, or slightly 
stimulatory. The byproducts from these three fungi also had some- 
what similar effects in the earlier series, but the inhimtion was greater 
(table 1). 

The unused nitrogen remaining in the solutions in which the soil 
fungi had growm was not responsible for growth stimulation, as Fel- 
lows (4) has shown previously that Ophiobolus graminis cannot utilize 
any of the tested sources of nitrogen in a modified Czapek^s solution. 
It is not believed that any of the other xmused compounds of Czapek’s 
solution were stimulatory, since 0. grows better in potato- 

dextrose solution alone than in modified Czapek's solution even when 
there is a source of nitrogen in the latter that is favorable for its 
■growth. ^ ■ ' . ■ ^ ■ .'■ 

The experiment indicates that the production by other soil fungi of 
substances that are injurious or beneficial to Ophiobolus graminis do- 
pends on the nature of the soil nutrients as well as on the kinds of 
fungi present. It indicates that some soil fungi may be distinctly 
beneficial to 0. graminis undox certain nutritional conditions and de- 
cidedly injurious under other conditions. It also suggests that the 
inhibitory substances produced by one fungus may be different from 
those produced by another, since they apparently are formed from 
different materials. - . ■ , 

EXPERIMENTS IN SOIL 

The interaction of Ophiobolus graminis and certain ^ soil fungi was 
tested both in sterilized, artificially infested soil and in unsterilized, 
naturally infested soil (series 3). A method was devised for testing 
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the reaction of 0. graminis to any other soil fungus by determining 
the effect of the latter on the pathogenicity of 0. graminis to wheat 
seedlings and older wheat plants. In order to avoid introduction of 
undesirable organic matter, both 0. graminis and the other soil fungi 
used in these experiments were cultured in the soil. 

EXPERIMENTS IN STERILIZED SOIL 

All experiments with sterile soil were in 125-cc. Erlenmeyer flasks 
containing 60 gm. of soil moistened to approximately 70 percent of its 
water-holding capacity and steam-sterilized in the flasks. Except in 
the uninoculated controls the soil was then inoculated with Ophiobolus 
graminis by introducing a 2-mm. cube of agar upon which the fungus 
was growing. After 14 days’ growth of 0. graminis the soil in some 
of the flasks was inoculated similarly with the other fungus to be tested. 
Other flasks were left as inoculated controls, that is, they contained 
only 0. graminis. Fourteen days later a surface-sterile wheat seedling 
was planted in the soil in each flask and allowed to grow 14 days. 
At that time 0. graminis had been in the soil 42 days, the other fungus 
28 days, and the wheat seedling 14 days. During all this time the 
inoculated soil and the wheat plant were kept as free as possible from 
external contamination. The lengths of the three primary roots and of 
the diseased portions were then measured, and the percentage of root 
length showing disease lesions was calculated. Twenty-three fungi 
were tested by this method. Two virulent and one moderately 
pathogenic strain of 0. graminis were used. It was found that any 
fungus that checked the pathogenicity of 0. graminis checked the 
moderately pathogenic strain more effectively than it did the highly 
virulent ones but in the same order. In one experiment seven fungi 
were used with a moderately pathogenic strain of 0. graminis. The 
results are given in table 4. 


Table 4. — Bjfect of certain soil fungi on the growth of wheat roots and on take-all 
in soil sterilized and then inoculated with Ophiobolus grarninis^ Manhattan, 
Kans.. 1939 


Fungus added to soil with 
Ophiobolus graminis 

Average 
length of 
3 pri- 
mary 
roots 

Average root 
length diseased 

General appearance and remarks 

Aspergillus flams (No. 8) 

Aspergillus niger (No. 10) 

Fusarium moniliforme (No. 31).-. 

GUodadium fimbriatum (No. 28) 

Ophiobolus graminis (control) 

Pythium arrhenomanes (No. 126) 

Ehizopus nigricans (No. 4) . 

Trichoderma Ugnorum (No. 1) 

Mm. 

125 

130 

121 

no 

117 

58 

106 

114 

1 Mm, 
32 
68 
22 
57 
86 
41 
36 

3 

[Percent 

26 

52 

18 

! 52 

,74 
70 
34 

3 

Fair control. 

Good control in 1 flask; none in others. 
Good control in 2 flask; fair control in 1. 
Some control. 

Badly diseased. 

No control; badly diseased. 

Doubtful; contaminated with No. 1. 
Good control. 


As shown in table 4, fair to good control of Ophiobolus graminis 
was obtained by artificially inocidating infested soil with Trichoderma 
lignornm (No, 1), Aspergillus jlams (No. 8), or ■Fnsarium moniliforme 
(No. 31). Less control was obtained with A, niger (No, 10) and 
Oliocladiumjimhriatum (No. 28) and none with Pythium arrhenomanes 
Drechs. (No. 126), which is known to be parasitic on Wheat. The 
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flasks containing Rhizopm nigricans (No. 4) were accidentally con- 
taminated witb. TfichodeTTina lignoTum (No. 1), obscuring possible 
effects of the former. 

In the uiiinociilated, sterilized soil the wheat roots and tops were 
stunted and short but the roots were white and clean. Seemingly 
there was some toxic effect of steam sterilization of the soil, as the 
root lengths averaged only 40 mm. as compared with 100 and 150 
mm. for those in soils to which fungi had been added. Most of the 
fungi used, iiichidiiig Ophiobolus graminis, dissipated this inhibitory 
effect rapidly when cultured in the sterilized soil. An exception was 
Rhizopus nigricans (No. 4) in the presence of which the wheat roots 
were similar to those in uninoculated, sterilized soil. The reason 
may have been that this fungus inhibited root growth, or it may not 
have dissipated the injurious effect of steam sterilization, as did the 
others. 

EXPERIMENTS IN NATURALLY INFESTED SOIL 

Experiments in which various soil fungi were introduced into soil 
naturally infested with Ophiobolus graminis were rather limited. 
However, they show that the severity of , take-all was reduced by 
increasing the population of certain species in a soil containing its 
natural flora. 

In one experiment the fungi to be tested were cultured separately 
under aseptic conditions in moist, sterilized soil in 1-liter Erlenmeyer 
flasks. Inoculation was accomplished by a 2-mm. block of agar upon 
which the fungus to be tested was growing. After sufficient growth 
had occurred, as judged by the penetration through the soil, the cul- 
ture was mixed with soil naturally infested with Ophiobolus graminis 
at the rate of 1 part by volume of inoculated soil to 3 parts of naturally 
infested soil. The mixture was placed in 6-inch pots in the green- 
house, and Kanred wheat was planted in it. For the fungi that 
formed spores, this inoculum was supplemented by adding spores 
from a petri-dish culture, to the top 3 inches of the soil. Planting 
was done after inoculation. The jfinal examination was made when 
the wheat plants were nearly mature. Two Idnds of controls were 
used; one consisted of a mixture of 3 parts of naturally infested soil 
and 1 part sterilized soil and the other of sterilized soii alone. 

The effect on the severity of take-all of adding Aspergillus jlamis 
(No. 8) to naturally infested and to artificially inoculated soil is shown 
in figure 2. The seedling roots shown in A and B grew in soil that had 
been artificially inoculated with a pure culture of Ophiobolus graminis j 
but the roots in B had been protected hj A. jlavus (No. 8), which was 
added to the soil before the wheat was planted. As shown in table 
4, the average root length infected in A was 74 percent, whereas that 
in J? was only 26 percent. , 

The control wheat plants, which were almost entirely killed, were 
grown in soil naturally infested with Ophiobolus graminis {dg, 2, (T). 
The plants shown in figure 2, Z?, were grown on part of the same lot 
of naturally infested soil that had been inoculated with 
flavus (No. 8) before the wheat was planted. Although there was 
some infection, a fair growth of wheat occurred. 



^iGUBE 2 — ^ and B, Roots of wheat seedlings grown in soil artificially inocuiaiKi 
with Ophiobolus graminis: A, 0. gramims alon^e, i4 percent of root lengtn in- 
fected; B, with Aspergillus fiavus (No. 8) added to the j ® 

infected. C, Wheat plants, almost entirely killed by take-all, grow ii in soil 
naturally infested with 0. gramims. D, Wheat plants groym in part of the 
same soil as C with A. fiavus (No. 8) added to it before the wheat was sown. 
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DISCUSSION 


The data presented herein serve mainly to emphasize the com- 
plexities of the problems involved rather than to give any solution. 
The interrelations of soil fungi, especially when one or more are 
pathogenic, seem of sufficient importance to merit study, particularly 
as there are still many unexplained phenomena. 

In the present study a number of common soil fungi were found to be 
antagonistic to Ophioholus graminis in one or more ways and some 
were stimulatoiy. Some fungi, Trichoderma lignorurn, for example, 
seemed capable of direct parasitism; others under certain conditions 
produced growth substances distinctly injurious to 0. graminis; 
and still others produced byproducts markedly stimulatory to 0, 
grammis. Some were capable of either injury or stimulation, de- 
pending on the particular set of conditions under which they wove 
grown. Under a given set of conditions, one soil fungus was distinctly 
antagonistic to 0. grominis whereas another was beneficial. Under 
another set of conditions the ejffects were reversed. In the light of 
this information, it may be concluded that the applications of certain 
soil amendments may enable some very common soil fungi to produce 
byproducts either antibiotic or probiotic to 0. graminis. 

Under the conditions of the experiments at least one fungus 
(Rhizoims nigricans) produced toxic substances during its early 
growth and markedly stimulatory substances later. 

It seems entirely probable that there are several different byproducts 
of fungus growth capable of inhibiting development of Ophioholus 
graminis, as such substances are produced from diflru’ent materials 
and by dift‘erent fungi. Furthermore, the production of the by- 
products is affected differently by certain physical changes. 

The fragmentary evidence obtained in these studies indicates that 
the metabolism of the soil fungi studied differs widely. For example, 
Bhizopus nigricans was unable to grow in Czapek^s solution with 
sodium nitrate as a source of nitrogen, but it made satisfactory 
growth when the nitrogen w^as from other sources. In the same 
experiment, Trichoderma lignorurn was unable to glow in Czapek’s 
solution with ammonium chloride as a nitrogen source but it made a 
normal giowth when other compounds were the sources of nitrogen. 

It may be noted also that Gliocladium fimhriatum ojiA. BMzopus 
nigricans reversed their positions in respect to production of inhibitory 
byproducts in potato-dextrose solution in the experiments reported 
in tables 1 and 3. In partial explanation of this seeming discrepancy 
it may be stated that the 10-day period of growth used in the latter 
experiment was probably too short for maximum production of in- 
hibitory substances from potato-dextrose media by G. fimhriatum. 
This fungus, which grows rather slowly, required a 20-day growth 
period for maximum production of toxic substances in potato-dextrose 
solution, whereas B. nigricans, which grows rapidly, requhed only 
5 days to reach maximum production of the inhibitory substances in 
the same medium. After 15 and 20 days^ growth in this medium, 
however, it was found in several tests to be producing stimulatory 


byproducts. ^ t . 7 7 • • 

The marked stimulation of the growth of Ophioholus graminis 
caused by byproducts of Bhizopus nigricans grown in Czapek^s 
solution with ammonium nitrate as a source of nitrogen is of much 
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interest, Tlie small quantity of growth solution added could not 
have furnished any large amount of food. Stimulation must have 
been in the nature of a hormone, or a ''bios.'' Soil fungi parasitic 
or inhibitory to other soil fungi have been reported by Weindling 
{11), who also wrote an extensive treatise on association effects of 
fungi {12), 

In artificially inoculated soil the parasitism of Ophiobolus graminis 
on wheat roots was definitely lessened by the presence of several 
other common soil fungi, as shown in table 4, Also in naturally 
infested field soil the severity of take-all usually was lessened hj 
increasing the population of certain fungi, but the results were less 
consistent. 

SUMMARY 

Fungi capable of producing substances that inhibit the growth of 
Ophiobolus graminis in pure culture and of preventing or lessening 
infection of wheat by 0, graminis in soil were isolated from soils in 
central Kansas, both those in which 0, graminis occurred and those in 
which it did not occur. 

Fungi, the byproducts of which stimulated Ophiobolus graminis in 
pure culture, also were isolated. 

Among 143 species and strains of fungi tested, about 25 percent 
produced in pui*e culture byproducts that were inhibitoiy to Ophi- 
obolus graminis and about 10 percent produced those that were 
stimulatory. 

The production of inhibitory or stimulatory byproducts by any 
fungus varied with its stage of growth and the nature of the substrate 
on which it was cultured. Some fungi produced inhibitory byproducts 
on one culture medium and stimulatory byproducts on another. On 
the same substrate inhibitory byproducts were produced by one 
fungus and stimulatory substances by another. 

Several soil fungi decreased the pathogenicity of Ophiobolm gra- 
minis on wheat in both artificially inoculated and naturally infested soil. 
The degree of inhibitory action in soil shown by aii}^ fungus toward 
0. graminis varied somewhat with the strain of the latter. 
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THE EFFECT OF SHORT PHOTOPERIOD ON SORGHUM 
VARIETIES AND FIRST GENERATION HYBRIDS * 


By J. rt. Quinby, agronomist, and R. E. Karper, agronomist hi charge of sor- 
ghum investigations, Texas Agricultural Experiment Station 


INTRODUCTION 

There are numerous varieties of sorghum {Sorghum vulgar e Pers.) 
grown in the United States, a score or more of which have been intro- 
duced and 40 or 50 of which have been produced through hybridiza- 
tion and selection. In Africa and Asia, where the species is indige- 
nous, there are literally hundreds of varieties. As would be expected, 
the varietal differences are of many kinds and include contrasting 
characters involving glume color and texture, awns, of pericarp chloro- 
plast, and other plant colors, types of endosperm starch, integu- 
ments, juiciness and sweetness of stem, plant height, rate of tillering, 
and duration of growth. Many of the differentiating characteristics, 
including duration of growth, have been shown to be under genetic 
control. Differences in adaptation other than those influenced by the 
known genes that determine plant response to photoperiod are also 
assumed to be genetic. It would be useful to know how sorghum 
varieties respond to changes in photoperiod since such knowledge 
would furnish a basis for a genetic classification. 


REVIEW OF LITERATURE 

The literature concerning the reactions of plants to photoperiod, 
temperatxire, and nutrition, and the differential response of varieties 
to identical treatments has become extensive. It is now generally 
accepted as a fact that differences in maturity among varieties of 
many species are brought about by different reactions to environment. 

Thompson (8) ^ has reviewed the literature that shows the relation 
between temperature and vegetative and reproductive development in 
plants. The work in this field shows that the prevailing temperature 
may determine whether or not a plant will be photoperiodically sensi- 
tive. According to Hamner (5), most investigators have concluded 
that if a species contains any strains that can be classed without 
question in either the long-day or the short-day group, then all other 
strains of the same species will tend to exhibit responses which would 
place them in the same group. The varieties or strains of such a 
species may be arranged in a graded series according to photoperiodic 
response with the sensitive strains at one end and the more or less day- 
neutral strains at the other. The inference from this work is that 
the thermal requirements have not been met whenever a variety or 

J Received for publication April 24, 1947. Contribution No. 1034 from the 
Department of Agronomy, Texas Agricultural Experiment Station. 
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strain of a pliotoperiodically sensitive species does not respond to 
short (or long) photoperiods. 

Just how photoperiodism fits, if it does, into the theory of phasic 
development is not as yet Avell understood, as has been pointed out 
by Hamner (S) . The concept of phasic development emphasizes the 
fixed sequence of the phases and the differences between the thermo- 
scoto-, and photo-phases of plant growth. Contrary to this concep- 
tion, some evidence indicates that in certain short-day species photo- 
periodic induction occurs during both the light and dark phases of a 
cycle. Also, some plants which require a treatment with low temper- 
ature have not been reported as behaving like typical short-day plants 
after low temperature treatment. 

Garner and Allard {2) showed that sorghum is a short-day species. 
Borthwick and Parker (i) found that a nmnber of soybeans varieties, 
all of which are sensitive to photoperiod, have different critical photo- 
periods. Quinby and Karper (J) reported that all strains of milo are 
sensitive to photoperiod and that the strains which have unlike dura- 
tions of growth apparently differ from one another in having different 
critical photoperiods. 

Sorghum varieties and first generation hybrids between them vary 
greatly in duration of growth as well as in size and grain production. 
Karper and Quinby (J) have presented data in detail on several va- 
rieties and hybrids. The lateness of maturity exhibited by certain 
hybrids, exclusive of the effects due to heterosis that are discussed by 
Quinby and Karper (^), is considered to be due to the action of com- 
plementary genes and it appears that the gene Ala is involved where- 
ever extreme lateness occurs. 

MATERIALS AND METHODS 

When work on the inheritance of genes that afl‘ect matmity in sor- 
ghum was begun at the Texas station in 1938, it soon became apparent 
that sorghum varieties differed not only in having different critical 
photoperiods but also in sensitivity to short-day treatment. To 
investigate this point further, 12 varieties were grown in a July 3 
planting in the field in 1941 at the Chillicothe substation, and part of 
each variety was subjected to a 10-hour photoperiod and the remainder 
left without treatment. A similar planting of 14 varieties and 21 
first generation hybrids was made on Juner 30, 1942. During Jul}^ 
at this latitude of 34° the sun is above the horizon for slightly over 
14 hours. The average minimum (night) temperatures at Chilli- 
cothe during July in 1941 and 1942 were, respectively, 7L4°aiid 70.5°F. 
The corresponding maximum (dav) temperatures were 95.0° and 
99.9°. 

The plants subjected to lO-hour photoperiods were covered, from 
the day of planting until after head differentiation of all varieties, 
from 5 p. m. to 7 a. m. with boxes covered first with rubberized cloth 
and then with white sheeting. The boxes were constructed in such 
a way as to allow ventilation. The length of the short-day treat- 
ment was 39 days in 1941 and 29 days in 1942. Tlie plantings con- 
sisted of short rows about 8 inches apart. Seeds were planted thickly 
in order that there might be several plants for examination as seed- 
lings and at stages of growth prior to the time of floral initiation and 
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still leave four plants to grow to maturity. After the time of floral 
initiation the stand of each variety was reduced to four plants in botli 
treated and untreated plots. In a number of cases there was not 
sufficient crossed seed to furnish enough plants for examination in 
the early period of growth, which accounts for tlie blanks in the tabu- 
lated data. Whm stands ^yere obtained as desired, four plants were 
present at maturity in a 15-inch row. The stands in the treated and 
untreated areas, each of which occupied about 45 square feet in 1942, 
were as nearly identical as possible. 

These small areas, which consisted of fertile soil, were watered 
several times by flooding. Close spacing and ample moisture such as 
were used in this experiment apparently have no great influence as 
a part of the environment, since the time of an thesis of the plants 
under iiormal day length appears to be within the normal range for 
the various varieties. Plant size, however, was greatly reduced from 
that of plants grown in 40-inch rows and 8- to 12-inch spacing. The 
small plants in the close spacings had the same leaf number as those 
in wide rows. It appears that close spacing itself does not affect the 
time that is consumed in laying down an internode but it does affect 
the size of the growing point which controls the size of the leaves, 
culm, panicle, etc. Close spacing also retards tiller development. 

The fifth and tenth leaves were permanently identified by small 
tags placed around the stem above the leaf. Each plant was tagged 
on the day of first an thesis. 

The figures that appear in tables 1 and 2 were obtained in the fol- 
lowing manner. Plants were examined for floral initiation each day 
after the twentietli. The first day on which a florally inducted head 
was found was designated as the day of head differentiation. The 
figures for days to first antesis and number of leaves were taken from 
the plant that was selected arbitrarily as being most representative 
of the four that grew to maturity. To determine whether floral 
initiation had taken place, plants were split with a pocket knife and 
the growing points examined under low magnification. 

EXPERIMENTAL RESULTS 

Data on number of days from planting to head differentiation, first 
anthesis, and number of leaves of the varieties and hybrids under both 
normal and 10-hour photoperiods are presented in tables 1 and 2. 

It is quite evident that there are differences in sensitivit}^ to lO-liour 
photoperiods. In 1941 the sensitive varieties differentiated their 
[leads on the twenty-third day and in 1942 on the twenty-first to 
twenty-third day. This sensitive group of varieties consisted of both 
milos,^ Spur and FC 811 feteritas, both hegaris, Freed, California 
White diirra, both kalos, Bonita, Bonar durra, and shallu. Manko 
was a little less sensitive to 10-hoiir photoperiocis than the group just 
mentioned but was more sensitive than Blackhull kafir, Sumac, 
Bishop, and Lemon Yellow. Dwarf broomcorn was the one variety 
that failed to be affected bv lO-hour photoperiods in either year. 
However, Texas Blackhull kafir was unaffected in 1942, the only year 
in which it was grown. 

The number of days to first anthesis and leaf number are a reflec- 
tion of the relative/time at which head differentiation took place. 
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Table 1. — F4fect of 10-hour photoperiod on time of floral iniiialion, leaf mmiber, and 
time of anthesis of sorghum varieties planted July 3, lO/fl, at Chilli cothe, Fex. 


Serial No. 

Variety 

Number of days from 
planting to— 

Number of 
leaves on 
mature plant 

Head differen- 
tiation 

First anthesis 

Short 

day 

Normal 

day 

Short 

day 

Normal 

day 

Short 

day 

Normal 

day 

SA 5043 

Sooner milo 

23 

32 

43 

49 

11 

13 

TS 25243-276... 

Texas milo — 

23 

39 

47 

68 

11 

18 

SPI 34911 

Heejari 


48 

47 

yj* 

13 

18 

FC 16207 

Kalo 

Zi 

39 

47 

64 

11 

17 

SA 208 

California White durra. 

23 

34 

51 

55 

13 

14 

FC 6601 

Spur feterita. 

23 

36 

56 

65 

16 

19 

SPT 29166 

Freed _ 

23 

32 

46 

51 

10 

12 

F C 8991 

Manko 

25 

47 

50 

77 

12 

17 

FC 8993 

Bishop - 

28 

39 

61 

71 

14 

17 

SPI 35038 

Sumac -- 

29 

39 

60 

65 

14 

16 

FC 6607 

Blackhull kafir - 

29 

39 

59 

69 

14 

l(i 

SPI 30204 

Dwarf broomcorn. 

39 

39 

68 

68 

15 

15 


Table 2. — E fleet of 10-hour phoioperiod on time of floral initiation leaf number, and 
time of anthesis of sorghum varieties planted June SO, 1942, at Chiliicothe, Tex. 


Serial No. 

Variety or hybrid 

Number of days from 
planting to— 

Number of 
leaves on 
mature plant 

Head differen- 
tiation 

First anthesis 

Short 

day 

Norma 

day 

Short 

day 

Norma' 

day 

Short 

day 

Normal 

day 

FC 8975 

Sooner milo 

22 

27 

49 

49 

11 

15 

TS 25243-276- . 

Texas milo 

22 

30 

46 

65 

13 

17 

S A 281 

Early hegari 

21 

30 

44 

71 

11 

13 

SPI 34911 

Hegari 

22 


46 

78 

12 

15 

FC 16214 

Early kalo. 

21 

27 

46 

53 

8 

12 

FC 16207 

Kalo - 

22 

29 

46 

60 

n 

14 

FC 811 

Feterita 

21 

27 

45 

49 

11 

15 

FC 6601 

Spur feterita 

2:? 

27 

54 

f>2 

14 

15 

S PI 55128 

B onar durra. 

22 

27 

51 

51 

13 

15 

SA 79... 

Bonita 

22 

27 


51 

13 

16 

Agros. 2650 

Shallu 



54 


16 

18 

TS 2^929 

Lemon Yellow 

27 

70 


1 10 

13 

22 

FC 8962 

Texas Blackhull kafir 

29 

29 

60 

60 

14 

14 

SPI 30204 

Dwarf broomcorn .. 

29 

29 

67 

64 

13 

14 

SA 1577 

Texas Blackhull kafir x Sooner railo.j 

Zi 

25 

52 

52 

12 

16 

S A 1578 

Texas Blackhull kafir x Texas milo.. 

23 


52 

79 

14 

9 ‘> 

SA 1594 

Bonita X hegari 

24 


50 

80 

13 

22 

SA 1595 

Bonita X Early hegari 

09 

— 

46 

79 

14 

24 

SA 1596 

Early hegari x Sooner milo 

21 


41 

83 

11 

20 

SA 1598... 

Hegari x Sooner milo 

21 


42 

SO 

1 1 

17 

SA 1597,. 

Early hegari x Texas milo. 

22 


43 

SO 

13 

* 23 

SA 1599 

Hegari x Te.xas milo... 

22 


45 

82 

12 

23 

SA 1600,. 

Spur feterita x Sooner milo 

21 

27 

46 

52 

13 

16 

SA 1602... 

Feterita 81 1 x Sooner milo 

22 

26 

43 

45 

13 

15 

SA 1601 

Spur feterita x Texas milo 

22 


48 

78 

13 

22 

SA 1605 

Early kalo x Sooner milo 

22 

27 

48 

51 

12 

15 

SA 1607 

Kalo* X Sooner milo.. 

22 

27 

44 

49 

11 

14 

SA 1608 

Kalo X Texas milo . . 

22 

31 

44 

67 

12 

16 

S A 1593 

Bonar durra x Texas milo 

22 


43 

SO 

12 

22 

SA 1585.. 

Texas Blackhull kafir x hegari 



52 

lOO 

13 

21 

SA 1587 

H’exas Blackhull kafir x kalo . 

23 

27 

46 

7,9 

12 

14 

SA 1588 

Texas Blackhull kafir x Maizola 


27 

52 

58 

14 

15 

SA 1589 

Texas Blackhull kafir x Manko .... 

27 

27 

53 

56 

14 

15 

SA 1591 

n'exas Blackhull kafir x Bishop 

27 

28 

55 

58 

14 

13 

18 

S A 1582. 

Texas Blackhull kafir x feretita 81 1 „ . 

22 

25 

44 

52 

16 
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The data, while conchisive, do not appear to be entirely consistent in 
every particular. Some deviation should be expected since the figures 
on head differentiation were obtained from plants that were destroyed 
and the figures on anthesis and leaf number from other plants that 
grew to maturity. However, the larger number of leaves produced 
by feterita than by other varieties in the same length of time is typical, 
as was shown by Siegiinger (7). 

Every first generation hybrid differentiated its head along wdth its 
sensitive parent. The characteristic of being sensitive to short 
photoperiod, therefore, acts as a dominant. The only hybrids tliat 
approached the nonsensitive parent in lateness of head dift‘erentiation 
were those with two nonsensitive parents. 

DISCUSSION 

It is assumed that sensitivity to photoperiod indicates that the ther- 
mal requirements of the variety have been met. Likewise, it is assumed 
that the various degrees of insensitivity indicate that the thermal 
requii^ements have been met only partially or perhaps not at all. It 
It was with this idea of sensitivity to photoperiod in mind that the 
sorghum varieties included in this study were classified into sensitive 
and nonsensitive varieties. A variety is considered to be sensitive, 
therefore, if, under 10-hour photoperiods, it differentiates its head, 
or is florally inducted, in about 21 to 23 days. It is realized that the 
number of days would vary slightly if elements of the environment 
other than photoperiod are variable. 

Since Texas milo is a later maturing variety than Sooner milo, 
administering 10-hour photoperiods reduces the time to first anthesis 
by approximately 20 and 6 days respectively. This difference is not 
considered to be due to a difference in sensitivity but comes about as 
a result of the fact that Texas milo and Sooner milo have different 
critical photoperiods. If this assumption is true, critical photoperiod 
and sensitivity to photoperiod are distinct manifestations. The 
differences in maturity and adaptation that characterize the early 
and late maturing strains of a variety and that result from differences 
in critical photoperiod are reasonably well understood, but the differ- 
ences in maturity and adaptation between sorghum varieties that result 
from differences in sensitivity to photoperiod are not well understood . 
Difl'erences due to unlike critical photoperiods are such as those 
between Texas and Sooner milos or between Kalo and Early Kalo; 
diff‘erences due to unlike sensitivity to photoperiod are such as those 
l)etween Sooner milo and Blackhull kafir. Differences in critical photo- 
period differentiate between strains of a single variety, whereas 
diflku*ences in sensitivity differentiate between varieties. The three 
.Ma genes whose inheritance has been worked out in milo (S) all in- 
fluence the critical photoperiod. The inheritance of a gene or genes 
that influence sensitivity to photoperiod has not been reported, but 
the differences in inheritance are not simple as in the case of genes that 
influence critical photoperiod. 

It was observed in this and previous studies that once a head is 
initiated, the size of plant or time to anthesis was fixed even though 
the plants were not subject to short photoperiod after head initiation. 
The treated plants produced normal spikelets that bloomed normally 
and produced a normal set of seeds. 
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Tillering was greatly reduced by short-pliotoperiod treatment. As 
sliort-photoperiod treatment was discontiiiued after floral initiatioip 
many plants of tillering varieties tillered even at that late stage. 
Such tillers were not affected by the fact that the inain plant had been 
florally inducted but grew into large tillers similar to those that develop 
notmally. 

Another observation of interest is that in an occasional plant, 
induction of flowering was delayed a day or two as compared with 
other plants of the same variety. If short-photoperiod treatment 
was then discontinued, a plant not florally inducted would continue 
to lay down leaves and would develop into a plant that, to all appear- 
ance, had never been subject to short photoperiods. 

SUMMARY 

Nineteen sorghum varieties and 21 first generation hybrids were 
grown from midsummer plantings at Chillicothe, Tex., and subjected 
to both normal and 10-hour photoperiods. 

Sorghum is a short-day species, but the varieties in this study ex- 
hibited difFerences in sensitivity to 10-hour photoperiods. Most 
varieties, including the milos, kalos, hegaris, feteritas, California 
White durra, Bonar durra, Bonita, shallu, and Freed were sensitive. 
Manko was a little less sensitive than these varieties but was more 
sensitive than Blackhull kafir, Sumac, Bishop, and Lemon Yellow. 
Dwarf broomcorn in both years and Texas Blackhull kafir in the 
second year were unresponsive to the short-day treatment. 

All first generation hybrids were hastened in maturity when sub- 
jected to 10-hour photoperiods if one parent was sensitive. Sensi- 
tivity to short photoperiod, therefore, is a dominant characteristic. 
Hybrids that were relatively insensitive to short photoperiods always 
had two relatively nonsensitive parents. 
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IRREGULARITIES IN A HYBRID BETWEEN TRITICUM 
DURUM AND T. PERSICUM ^ 

By Lutpieh Smith 

Formerly flSSocm/Yi! geneticist, Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 
tration, United States Department of Agriculture 

INTRODUCTION 

It is rather generally believed that, with the exception of crosses 
involving Triticum timopheevi Zhuk,, hybrids between species of wheat 
with the same number of chromosomes are about as normal as indi- 
viduals of the parent species. However, several writers, including 
ilase, ^ Thompson and Robertson, ^ and Hosono, ^ have reported 
irregularities in certain hybrids. During 1941 and 1942 the writer 
observed various abnormalities in 67 plants of a hybrid between two 
species of tetraploid wheat at Columbia, Mo. These irregularities are 
briefly described herein. 

MATERIAL AND METHODS 

The species of wheat used in the cross were Triticum durum Desf. 
(n=14) variety Kubanka and T, persicum Y . (ti — 14). Most of 
the observations were made on plants of the parents and the hybrid 
started simultaneously in a greenhouse in early December 194i and 
in early February 1942. 

Cytological observations were made on acetocarmiiie smears made 
permanent by a tertiary butyl alcohol method described by Sears. ^ 
Photomicrographs were taken of these permanent preparations and 
of fresh pollen stained with an aqueous solution of iodine, 

MACROSCOPIC AND MICROSCOPIC OBSERVATIONS ON PARENTS 

AND HYBRID 

The parents and Fi plants developed at about the same rate. At 
maturity the height, number of culms, and seed production of each 

1 Received for publication May 12, 1947. This work was carried out in coop- 
eration with the Missouri Agricultural Experiment Station. Contribution from 
the Field Crops Department, Missouri Agricultural Experiment Station, Journal 
Series Paper No. 1016. 

^ Aase, H. C. cytology of triticum, secale, and aegilops hybrids with 
REFERENCE TO PHYLOGENY. Wasli. State Coh, Res. Studies 2: [l]~f)0, illiis. 
1930. 

Thompson, W. P., and Robertson, H. T. cytological irregularities 

IN HYBRIDS BETWEEN SPECIES OP WHEAT WITH THE SA4\IE CHROMOSOME NUMBER. 

Cvtologia 1: 252-262, illus. 1930. 

Hosono, S. karyogenetischb studien bei reinen arten und bastarden 
DER emerreihe. I. REiPUNGSTEiLUNGEN. Jap. Jour. Bot. 7*. [301]-322, illus. 
1935. 

® Sears, E. R. chromosome pairing and fertility in hybrids and aiv^hi- 
diploids in the triticinae. Mo. Agr. Expt. Sta. Res. Bui. 337, 20 pp,, illus. 
1941. 
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plant were recorded. These data, summarized in tables 1, give little 
indication of heterosis in the Fj plants as measured hy tlie three 
criteria. The seed production of the Fi plants was even less than 
that of the pai*ents. The reduction probably was due to the greater 
sterility of the hybrid plants. 

The 'relative fertility of the 2 species and the Fi hybrid is shown in 
table 2. The hybrid plants had 3 times the percentage of sterility 
of Triticum persicum and more than 10 times that of T. durum. 


Table 1. — Average height, number of ciilms, and seed production of plants of 
Triticum durum, T. persicum, and the B\ hybrid 


stock 

Plants 

observed 

Height 

Culms 

Seed 

produced 

T. durum 

T. persicum , 

Number 

13 

12 

12 

Centimeters 

127 

107 

126 

Number 

4.7 
6.9 

5.7 

Grams 

6. 66 
6. 96 
0. 5,1 

T. durum'KT. persicum 



Table 2. — Fertility of plants of Triticum durum, T. persicum, and the Fi hybrid 


Stock 

Plants 1 
observed 

Florets 

With seeds 

Without seeds 

'P. durum 

Number 

6 

8 

6 

Number 

610 

840 

388 

Percent 
98.1 
92.8 , 
i 78. 5 1 

1 i 

Number 
12 
65 1 
106 

Percent 

1.9 

7.2 

21.5 

T, persicum - 

T. durum X T. persicum 


Observations on mature pollen revealed a similar relation. About 
39 percent of the pollen in the hybrid plants was visibly defective as 
compared with 11 percent in Triticum persicum and 5 percent in T. 
durum (fig. 1 and table 3). 


Table 3. — Pollen counts on plants of Triticum durum, T. persicum, and the F\ 

hybrid 


Stock 

Plants 

observed 

Pollen grains tilled \vith starch as indicated— 

j Well filled 

Partially filled 

Empty 


Number 

Number 

Percent 

Number 1 Percent ! 

Number ^ Percent 

T. durum 

3 

1, 185 

94. 6 

21 1 1.7 ! 

46 j 3. i 

T. persicum.. 

2 

S29 

89. 1 

14 i 1.5 i 

87 ; 9.4 

T. durum X T. persicum 

3 

997 

60. 6 

149 i 9.1 

! i 

499 1 30.3 


Cytological observations on microsporogenesis revealed irregiilarities 
in the Fi plants (table 4). The most conspicuous abnormality was a 
quadrivalent which was present in each pollen mother cell (fig. 2). 
In about one-third of the pollen mother cells the quadrivalent occurred 
in the form of a chain. From the observations of Thompson and 
Thompson ® it appears that the greater sterility in the hybrid (table 2) 

« Thompson, W. P., and Thompson, M. G. reciprocal chromosome trans- 
locations WITHOUT SEMI-STERILITY. Cvtologia (Fujii Jubilaei Vo!.) 1937: 
336-342, illus, 1937. 
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Figuee 1. — Mature pollen stained with iodine: A, Triticum durum; B, Fi hybrid 
(T. durum X T. persicum). Note that the pollen grains of the hybrid were 
smaller and that a greater proportion of them were incompletely filled or empty. 
X 70. 

Table 4..—Cytological observations on meiosis in Triticum durum, T. persicum, 

and the Fi hybrid 


stock 

Microsporocytes with arrangement of chromosomes as 
indicated — 

Quartets with micronuclei 

Open bivalents 

Univalents 

Quadri- 

valents 


0 

1 

2 

3 

4 

0 

2 

0 

1 

0 

1 

2 

3 

4 


Num- 

Num~ 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 


ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

T. durum j 

39 

18 

9 

0 

0 

66 

0 

66 

0 

205 

11 

0 

0 

0 

T. persicum - 1 

13 

22 

7 

3 

1 

46 

0 

46 

0 

335 

49 

14 

1 

0 

T. durum X 















T. persi- \ 
cum j 

! 

20 

19 

20 

9 

1 

67 

2 

0 

69 

551 

45 

25 

7 

2 


probably cannot be attributed to the quadrivalent. Open bivalents 
also were more common in the hybrid than in the parents (1.3 per cell 
as compared with 1.1 per cell in Triticum^ persicum and 0.55 in T. 
dwrum). Univalents were rare in the hybrid, but none was observed 
in the parent species. There was no indication of inversions in the 
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Gliromosomes of the Fj plants. Microniiclei in the quartets resulting" 
from tiie second meiotic division were about equally frequent in 
T. 'persicum and the Fi (table 4). In botli they were about four times 
as frequent as in T. duruTu, ' 



P'lGiTRE 2, — /I, Pollen mother cell of Triticimi durum at first meiotic metaphase. 
Note the 14 closed bivalents and the tiny fragment (arrow) which was also 
regularly present in this plant. Pollen niother cell of T. dunini X T. persicivm 
at first meiotic metaphase. Note the chain quadrivalent and the 12 bivalents, 
of which 1 is open. C, Pollen mother cell from the same individual as B, sliowing 
a ring quadrivalent and 3 open bivalents. X 850. 

A fragment similar to that in figure 2, A, has been observed by the 
writer ^ in common wheat. 

In addition to the irregularities mentioned, there were other but 
less definite abnormalities in the Fj plants. Jvletaphase x)lates were 
not neat and orderly. The chromosomes were not well-defined and 
regular in outline, and the bivalents and the anaphase chromosomes 
were frequently stuck together. In general the pollen motlier cells 
of the Fi plants presented a more disorderly appearance than those of 
the parent plants, although lagging and loss of chromosomes or 
formation of bridges at first anaphase did not ap[)ear to be any more 
frequent in the hybrid plants than in the paumts 

DISCUSSION 

It is evident that the stocks of TrUicum, dwmm and T. persicum 
used in this study had differentiated in other ways than morphologi- 
cally. It would be surprising if this were not so. In most cases the 
accumulation of differences that characterize these and other species 


^ Unpublished observation. 
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could take place only if aided by geographic or genetic isolation. Tills 
ditferentiation exhibited itself in chi*omosomal, irregularities, partial 
sterility, and possibly other irregularities in the hybrid plants. Such 
disorders probably act with linkages in interferirig with the transfer 
of characteristics such as quality, disease resistance, winter hardiness, 
ami yield from one species to another, even though the species have 
the same number of chromosomes. 

In a number of respects Triticum> j>ersicum was intermediate lietween 
T. durum and their hybrid, T. persicum had more defective pollen, 
greater steiility, and a higher frequency of meiotic irregularities than 
T. dMrum. The irregularities in T. persicum and the hybrid were 
probably due to both genetic and physiologic causes. 

The apparent absence of heterosis in this species cross is of interest- 

SUMMARY 

(3bservations on plants of a hybrid between two tetraploid species 
of wheat {Triticum durum and T, persicum) revealed a number of 
irregularities, although the number of chromosomes in the two species 
was the same. Meiotic abnormalities included a quadrivalent and 
other but less readily analyzable peculiarities. Plants of the hybrid 
(exhibited no evidence of heterosis and were partly sterile, possibly 
because of ph,ysiologic as well as genetic factors. It is probable that 
such irregularities in hybrids between species with the same number 
of chromosomes are more common than is generally recognized. 
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